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TRANSLATOR'S PREFACE. 



The lack of an English Atlas of Histology, at once portable and at a price 
within the reach of the student, renders an apology for an English edition 
of Dr. Brass's Atlas unnecessary. 

This Atlas is simply a representation in colour of the appearances 
presented under the microscope by prepared and stained preparations of the 
various tissues and organs of the body, and is intended to serve as an aid 
and an incentive to the study of the actual specimens, and as a companion 
to the text-book of Histology, and not as a substitute for either ; in other 
words, to enable the student to work out the details of his own specimens 
and to draw them, ample space being left for that purpose. 

A unique feature of the Atlas is that most of the specimens have been 
derived from some of the best private collections in Germany (the source in 
nearly every case being stated), while the figures are drawn as faithfully as 
possible from the actual specimens, and the process of reproduction and 
colouring carried out by Dr. Brass with his own apparatus. 

The material was in nearly all cases human, so that human, and not 
comparative, Histology is represented, the material being obtained fresh 
under conditions not readily attainable here. 

The explanatory notes attached to each plate are not exhaustive 
descriptions of the structures represented, but merely short outlines to 
describe the nature of the section, and indicate the various tissue elements 
of which it is composed. 



The magnification in diameters, the method of haixlening and staining, 
and the source of the preparation, are given with each figure. 

In the translation, I have for the most part adhered closely to the 
German text, but in some cases slightly longer explanatory outlines have 
l)een given, especially in the case of the plates dealing with the nervous 
system, in the hope of increasing their utility. 

11. A. YOUNG. 

Thb Middlehbx Hospital, 1896. 



EXTUACT FROM AUTHOR'S PREFACE. 



The special features of the present Atlas are the nature and method of the 
illustrations. 

There is uo lack of good text-books of normal Histology ibr the student 
or the practitioner, but there is a need for a good illustrated work, the 
plates of which shall present as exactly as possible the appearances of' the 
actual tissues as tbey are seen by the aid of the microecope. 

In order to obtain the necessary specimens, I applied to many 
I'rofessorB, Clinicians, Docents, and Physicians ; on all hands I e..\i)erienced 
the greatest encouragement. In the first place, I laid my plans before 
Professor Waldeyer, of Berlin, and Professor Merkel, of this place, who at 
once placed then' rich and costly collections at my disposal. 

To these gentlemen I must once again express my most sincere thanks, 

I am also indebted to Professor Flenmiiiig and Professor Kallius for 
assistance in the provision of material. By other gentlemen, whose names 
I mention in the text, still further specimens were leiit for my use. 

Numerous injected specimens came from the Anatomical Institute at 
Leipzig ; for these I am indebted to Dr. lieichenbach and Dv. Meyer. In 
like manner Dr. Freudenstein placed at my disposal his specimens, which 
were prepared in the Histological Institute at Strassburg. 

Two perfectly fresh bodies of new-born children I obtained through 
Pi-ofessor Ahlfeld. of Marburg ; they were prepared by the usual methods 
of Mai'bui'g Institute. The numerous illustrations of the tissues of the 
newly lx)rn are chiefly made from these preparations. 



(8) 

Material was also obtained from the bodies of recently executed 
criminals, or of suicides, or direct from operation cases, since the microscopical 
appearances of fresh tissues diflfer from those presented by specimens derived 
from bodies which have been kept any time before the material is taken. 
Such differences are well shown by the sections of the mucous membrane 
of the stomach and intestines. 

The fact that I can employ numerous colours for the elucidation of the 
illustrations makes it possible for me to produce the figures in relatively 
smaller degrees of magnification ; for the most part I adopt that degree 
which is necessary to see the structure quite distinctly. 

Each plate has a short explanatory note. The individual tissue 
elements are indicated in the plates. The terminology chosen is, as far as 
possible, uniform. We possess as yet, unfortunately, no generally accepted 
international terminology ; in default of this I have adopted the meanings 
current at the present time. 

The addition of a detailed descriptive text was unnecessary, since there 
Is no lack of good text-books of Histology, to which the present Atlas might 
serve as a companion work. 

For all assistance in my work I must offer my most sincere thanks. 

GliTTlNOEN, 1896. 
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A 1. CELL STRUCTURE— GENERAL OUTLINES. 

Fig. 1. Blood Corpuscles of the Fresh-water Crayfish ( x 600).— These cells are easy to 
examine in the living condition, as in a ; the general outline of the cell is seen, but its 
margin is not sharply defined, and its contents are indistinct. 

&, After treatment >nth chromo-acetic-osmic acid (Flcmming's reagent) — all parts of the 
cell arc now sharply defined and differentiated. ?/, nucleus; A*, granular endoplasm, outside 
which the more clear ectoplasm, r, is seen formino: processes or paeudopodia — serving for 
locomotion and the ingestion of food material. 

Figs. 2-5. Fresh-water AmoebsB (xlOOO). — Fixed with Hermann's fluid (chromic- 
platinic chloride), stained with acid carmine, and decolourized by ^ per cent, 
hydrochloric acid. 

Fio. 2. Amoeba Princeps. — Pseudopodia fixed, showing the nature of amoDhoid 
movement, and the homogeneous appearance of the pseudopodia themselves. 

a, Food pai-ticles (ingested diatoms). 
??, A-, <?, as in the last figure. 

Fig. 3. Resting Stage of the same Amoeba. — The cell has assumed a globular shape, 
and become surrounded by a delicat*. membrane, while small spherical clear areas 
appear in the protoplasm, /.*, but disappear at a later stage. 

Fig. 4. Permanent Stage of the same Amoeba. — It now has a thicker laminated 
external membrane ; at a later stage the protoplasmic contents split into numerous 
small masses (ajxtrea). 

Fig. 5. Permanent Stage of an Amoeba Parasitic in Plant Cells (after Zopf). — 

88\ Two cell membranes or partitions ; », a larger external one, within which at i lies the 
granular undigested residue of some food material. 

Outside the inner membrane, «', the cell substance is arranged so as to form a 
layer of vesicles or vacuoles. The main body of the cell has contracted away from the 
membrane into a spherical mass, in the centre of which lies the nucleus. 

Fig. 0. Ovum of a Beroe, one of the Ctenophora, highly magnified (after Chun). — 
Externally there is a delicate membrane, s, which encloses a gelatinous mass in which 
the actual ovum lies. The yolk, /.-, has a spongy structure internally, while the outer 
part is finely granular ; the nucleus lies at the upper part of the ovum. 

The ovum itself is enclosed by a special membrane, in addition to that which 
encloses the gelatinous material. 

(Note. — Figs. 5 and (5 both indicate that animal cells may possess one or more 
membranes.) 

Figs. 7, 7a. Mammalian Ovum in Section (partly diagrammatic). — Fig. 7 shows the 
mature ovum as a spherical cell with a central nucleus, n {the (jerminal reside) , which 
lies in a finely granular yolk material. This spherical cell forms the origin of all the 
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other cells of the body. The first primitive layers or tisauea are derived liy division 
ftfter the manner represented in diagrams Ifi and 17. 

Ill this case, the whole ovum takes part in the division, and. aa the process goes 
on, becomes divided into 2. 1, 8. 1(>, tmd ho on. 

Fio. T'(. Section through the Ovam after Diyision into Fonr. 

FiOH. B, Sii. Diagrammatic Representation of the Strnctnre of the Ovnm of a Bird 
and the early Segmentation Process. — Fij;. H : The Kerminiil vesicle, ii, lies exeentrically 
at the upper pole, and when division takes place, the yolk does not take part in the 
process, so that the first segmentation cells lie on the surface, in the situation of the 
germinal vesicle itself before division, as shown in Fig. fin. 

Fifl. 9. Vegetable Cells. — They show the characteristics of the cell more distinctly 
than animal cells. The nuclei, w, are stained red. and are surrounded by a layer of 
granular protoplasm, from which fine threads pass off to the peripheral part of the 
cells, where there is a distinct layer of protoplasm, in which lie the green vhl<iroph}iU 
granules, vh. In the body of the cells are large clear spaces filled with cell-sap. 
Externally the cells are enclosed by tough memln'anes of cellulose, m. 

Fitt. 10. Ovale of a Plant in Cross-aeotion, highly magnified. — The "•mphi-re, d, la 
seen with an unfertilized accessory cell, c, lying in the i-mhrijo-mr, of which only a part 
is represented. The oosjihnr after fertilization divides transversely ; that part which 
remains attached to the embryo-sac is called the siitpeiisur ,- the other cell by repeated 
division forms the rmhrijo, which grows into the embryo-sac. 

Fio. 11. Vegetable Embryo, '■, consisting of fom- cells, which are attached to the 
embryo-sac by the suspensor, L 

Fio. 12. Semi-diagrammatic Representation of the Embryo of the Shepherd's Purae 
(Capsella barsa paitoris). 

17, Embrvo sepii from ihe aide ; below \k the susppiiBor, consisting of two cells ; the embrjro 
is nearly aphericnl, and consists of eight cells, four only being seen in iJiia view. 

t, Seen from tlie end of the embryo— fonr cells again seen. Tangential division then 
occurs, BO tlint centriil and peripheral cells are formed, the latter again dividing by radial 



Fio, 1^, Section through that Stage in which there are Eight Central and Thirty-two 
Peripheral Cells. — Four of the former nnd eight of tbu latter are visible. 

(Kids. 11 and 1", are introduced to show the Nature of Cell Formation and Cell 
Growth in Plants, for Comparison with the same Process in Animals.) 

Fig. 14. A Young Leaf-bud of Marsilia Uncinata magnified (after Behrena). 

Fig. is. The same in Section.— « is the apU-al tfti, from which (in Cryptogamia) 
cell multiplication proceeds : the cells separate off by tangential division from the lower 
part of the apical cell, and_then again undergo division parallel to the surface, forming 
growing tissue or primary mfrislrm. 
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The horizontal lines In the liyuro indiutite the primary divi«ioiis, the vertical ones 
the secondary divisions parallel to the hiteml surface, 

Figs, lit-l!). Diagrams introduced to show the Relation between the UicroBcopical 
Appearance and ths Actual Shape and Form of Cell, i.e., to show how the former depends 
on the direction of section. 

Fig. 16. Diagrammatic Scheme of the Process of Segmentation of the Hammalian 
Onun. 

The BpheriesI cell a showa eui eiiuatoriaJ groove (dotted iti thi' diii.gra.m), through ivhich 
division occnre into two bulvee, euch of which ngain divides. 

b ahows the lower half resuitiag from the first division ; the placcH of subsequent seg- 
mentation are indicated. 

c, The half of 6 split off by the Becond division ; this divides again into two, each of which 
divides somewhat in the manner indicated in i2, by a division parallel' to the convex sm-face. 

The some process oceurs in all the eight segments, so that the ovum now consists of eight 
(.-ells of thi form shown in e. and eight central cells like that indicated by the siniUler 
segment of ('. 



But the further process of aegnieutation does not proceed so regularly ; the central 
eelU get separated, and the outer ones divide more rapidly, bo that structures like those 
of Fig. 17 are produced. 

Pig. 17. The Eighth Part of such an Ovum as that deaeribed above. — Ten cells are 
here shown lying side hy side. 

a shows the appearance when seen from the outside. 

b that from the inside. 

Owing to the cells lying so close together, the contiguous Burfaces of adjacent cells 
have become mutually flattened, while the inner and outer surfaces form now a part of 
the spherical surface of the embryo. Each cell in the diagram may be regarded ag 
having six lateral surfaces, a base and an outer surface. 

If sections be now made, e.g., in the directions of the arrows AB and CD, the 
section AB will obviously show four cells and four nuclei, and the appearance under 
the microscope will be as represented at c. The section CD passes through four cells, 
hut only includes the nuclei of two of theiu, as shown at ''. 

Fios. 18, lH<i, IB^. Examples from the Tissues, also to illustrate the Relation between 
Aetaal Cell Struoture and microscopical Appearances. — Fig, la : The end of a gland from 
the digestive tract, very highly magnilied. The gland is represented in longitudmal 
section, as are also the cells lining it, which are seen to consist of two varieties- 
narrow cylindrical or co/Hmimr epithelial cells, between which lie more deeply-atained 
cells distended with secretion {;it'hh't n-U») ; the nuclei in both lie towards the base of 
the cells. 

If now a thin section be made in the direction of the arrow, the microscopical 
appearances are as represented in Fig. 16a. 
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Fig. 18a. Oblique Section of a Digestive Oland. 

71 f Nuclei of the cells. 

//, Section through the distended part of a goblet cell, around which are a number of clear 
polygonal areas, the sections of cells the nuclei of which are not caught in the plane of the 
section ; again, in the upper part the colls and nuclei are seen in transverse section, in the 
lower part in longitudinal section. 

At t the lumen of the gland is seen. 

If a thin section of the blunt end of the gland in Fig. 18 he made in the direction 
AB, and more highly magnified, the appearances obtained would be such as repre- 
sented in Fig. 18b. 

Fio. 182/. Transverse Section of the End of a Digestive Oland. 

The colls appear irregularly polygonal in section (five- and six-sided). 

At a only the cell outlines and protoplasm are seen, tlie section having missed the nuclei, 
while in the surrounding cells the nuclei, «, are seen in some cut directly across, in others only 
just caught by the section. 

Fig. 10. To show in Diagram how quite different Appearances may be presented by 
Tissues (in this case Non-striated Muscle Fibres) according to the Direction of the Section. 

a. Cross-section of noii- striated muscle fibres. 

b, The same cells seen in longitudinal section, the an'ow AB indicating the direction of 
the section represented in a. 
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A 2. CELL FORMS-PROTOPLASMIO MODIFICATIONS. 

Fig. 1. Mature Ovum (x300), consibting of a spherical mass of protoplasm con- 
taining food material, or yolk, and enclosed by a distinct membrane with a radial 
structure, the ^ona radiata. Lying rather below the centre of the protoplasm is a 
nucleus, here called the germinal vesicle^ with a nucleolus, the germinal spot. 
Carmine. 

Fig. 2. Two Columnar Epithelial Cells from an Intestinal Oland. — The nuclei are 
stained red, and show distinctly the chromatin fibres^ nucleoli, and the nuclear 
membrane ; the protoplasm is paler in colour, and shows a network, the spongtoplasm, 
stained yellowish-brown. 

A striated appearance of that border of the cell directed towards the gland lumen 
is to be noticed {the striated free border, or cuticida). Chromic and osmic acids ; acid 
carmine. 

Fig. 3. Ciliated Epithelium firom the Trachea, — The cells are more or less columnar 
in shape, and possess fine hair-like processes (rilia) projecting from their free borders. 
Just below the origin of the cilia the protoplasm shows a striated appearance. 
Between the ciliated cells are smaller irregular cells {Debove's membrane). 

Fig. 4. Epithelial Cells. — Square in cross-section, irregularly polygonal when 
seen from the surface. Haematoxylin. 

Fig. 5. Epithelial Cells. — Oblong in cross-section; surface view like the last. 
Methylene blue. 

Figs. 6 and 6a. Squamous Epithelium from the Mucous Membrane of the Cheeky con- 
sisting of flattened cells, the protoplasm being much altered, the nucleus small and 
often surrounded by small granules. 

Fig. 6. Seen in Section. — Flat, spindle-shaped, slightly larger in the middle 
around the nucleus. 

Fig. 6a. Seen from the Surface. — Irregularly polygonal in shape ; the edges are 
often turned up. Picro-carmine. 

Fig. 7. Columnar Epithelium from a Villus of the Small Intestine, showing 
characters similar to those of Fig. 2, the striated free border, or cuticula, being well 
marked. 

Lying between these cells, e.g. at .r, are goblet-cells, which have discharged 
their secretion. Cf. Plate G 8, Fig. 9. b, a cell of the subjacent connective tissue. 
Hsematoxylin, eosin. 

Fig. 8. Liver Cells. — The cells are polygonal in outline, whatever be the direction 
of section, since the liver cells themselves are polyhedral in shape. 

The protoplasm is pigmented, and contains granules of various kinds; the 
nucleus is large, round or oval, and shows the intranuclear network distinctly. 

The blue spaces at the angles of the cells are blood eapiUaries in section ; the 
pink spaces which are generally situated between the borders of adjacent cells are 
intercellular hile-ditcts. 

Fig. 9. Pigment Epithelium of the Retina, seen from the Outer SurfEtce. — The 

3 
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individual cells are more or less regularly hexagonal, and are bound together by 
clear, non-pigmented intercellular substance. The oval nuclei can be seen through 
the central part of the cell, which is somewhat less pigmented than the periphery. 

Fig. 9a. Two of the CeUs (lateral view). — The outer part, or body, of the cell 
rests against the choroid, and contains the nucleus, while from the under surface of 
the cell {i.e., the inner side when in situ) are given oflf delicate protoplasmic fibrils, 
which surround the rods and cones of the retina. 9 and 9a, carmine. 

Fio. 9/>. Shows the Nature of the Pigment, which consists of very fine crystals, 
shown very highly magnified in the figure. 

Fig. 10. Pigment Cells from the Skin of the Head of the Pike (preparation by 
Professor Solger, Berlin collection). — iV, A double nucleus ; around this the protoplasm, 
showing a concentric arrangement of its gi'anules round a central point — the attraction 
sphere, CA. 

The pigment is arranged in irregular radiating threads. 

Fig. 11. Endothelial CeUs from the Peritoneum, after treatment with chromic acid 
and silver nitrate. The cell margins are marked out by the deposition of reduced 
silver in the intercellular substance, and are seen to be irregular and sinuous. Occa- 
sionally small spaces are left between the cells. In transverse section the cells are 
quite Hat, somewhat as in Fig. 6. 

Fig. 12. Elongated, Spindle-shaped, Plain Muscle Fibres. — The nucleus is long and 
rod-shaped, and situated in the axis of the cell ; the contractile substance is arranged 
round it, and shows a fine longitudinal fibrillation. The manner in which the 
individual cells are arranged to form tracts of muscle is also indicated. Carmine. 

I''jG. 13. Two Connective-tissue Cells, with Bamifying Processes. — The nuclei are 
large and irregular in shape. Methylene blue. 

J''i(j. 11. A Nerve Cell from the Spinal Cord. — It possesses many processes, and 
iw UiiUi'M ciilhid a multipolar nerve cell, but only the main branches of these processes 
iij« indicated ; one (that directed downwards and to the right in the figure) acquires 
it uwAwWiivy Hhcjath, and is known as the axis cylinder process ; the others all branch 
and iiiiiiify (without anastomosing, according to Golgi and others), and are known 
im dtuiliitt's, Carmine. 

i'j'i. ITi. A Smaller Nerve Cell with Fewer Processes. — Carmine. 
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A 3. CELL DIVISION-KARYOEINEBIS. 

The resting mielens consists ot a membrane enclosing a nuclear matrix, in which are 
an intranuetear network and small spherical refractive bodies, the nucleoli. 

The nuclear membrane, the network, and the nucleoli, all take stains readily, and 
are spoken of as chr-'iiinfii-, the matrix being, on the other hand, avhrwiiatic, composed 
of achromatin. 

Flos. 1-4. Hnclei with Varying ArranfementB of the Chromatin. — This latter sub- 
stance undergoes changes in a more or less reguLir manner during the process of 
division, and it has therefore been carefully studied ; but the changes occurring in 
the great mass ot the cell — the actual protoplasm— are much more difficult to study, 
and still require careful investigation, 

Fio. 1. Nucleng (Germinal Vesicle) of the Mature Human Ovum (x 760) .—Its margin 
is deeply stained, and is well marked, forming apparonUy a diatinet membrane. The 
germinal spot is violet, and has several Hmall bodies adjacent to it. (Cf, Plate L 2, 
Pig. 1.) Hiematosylin, eosin. 

Fio. 2. Ornm of a Human Foetus of Soven Honths {vf. Plate L 1, Figs. 3 and 4). — 
The nucleus is very large, and contains a large nucleolus, and also a large amount of 
chromatin granules, arranged so as to form a distinct network. 

Pm. 3. Nucleus of the Orsin of Frotens Anguineus ( x IfiO). — Peripherally lying just 
beneath the nuclear membrane is a series of chromatin granules, while in the inner 
part there is an arrangement of ramifying chromatin hands. 5 per cent, sublimate) 
acid carmine. 

Fig. 4a. KudeuB of a Frog's Ovum in Process of Saturation (x 250). — Numerous 
processes, like pseudopodia, are given off from the outer part of the nucleus into the 
cell protoplasm (probably for purposes of nutrition), and it is noteworthy that where 
these processes are most numerous the chromatin bodies lie scattered most thickly. 

Fia. -kh. A Chromatin Granule more highly magnified, containing within it 
numerous highly refractive granules, h per cent, sublimate, acid carmine. 

Fig, S. Direct Cell and Nuclear Division of Connective-tissue Cells from the Tail of 
the Salamander Tadpole ( x 1500),— Sublimate, acid carmine. 

ri, A renting coU with ii. liirgL* nucleus. 

b, c, d, Showing the appearance o( a conHtriclion in Ecveral nuclei, and simultaneous 
accumulation of the protoplasm tuwanU t)io ends. 

r, The division of the cells aiid nucleus being coiuplcled, the two halves we sepftrating. 
/, A nvicleus seen from above ; in the upper part on the right lies a Bninll, highly 
retractive body \iivnlroaome). 

g. Shows the process of nuclear division just completed ; the two halves of the nucleus 
are soparBling, and each shows a small pointed process in the act of withdrawing into the body 
of the nuoleus yef. e). 

(Direct or amitotic division ot cells, described by Eemak, is certainly much less 
common than the indirect division to be subsequently described, but apparently does 
sometimes occur.) 
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Fkj. fi. — Two Lymph Corpuscles of Proteus Anguiueus {x 750).— The nuclei of the 
eorpuaclPB aie in process of division into several parlB. Sublimate, aeitl carmine. 

Fio. 7. A Small Lobule of the Testis of Salamandra Hacalosa. — The mother cells 
iif the spermatozoa are arranfied in amall nrrmps. all Ihe celts of each group being in 
the same phase of diviaion (which raiyht ho taken lo indicate that cell division ttnd 
state of nutrition are closely associated with one another). 

n, I', r. il. r. Various phases of the nuclei in the process of indirect or mitotic 
ilinaion. 

i,, ii., iii., iv., Various phases of direct cell division. ■'> per cent, siihltmate, 
acid carmine. 

Fki. Ft. Diagrams showing the Stages of Indirect or Mitotic Cell Division (i.e., the 
process of EaryokineBis). according to the majority of the more recent investigatorB, 

II, Cell with resting nucleus. Its chromatin has a net-like arrangement ; a large 
nucleolus is seen in the upper part. To the right of the nucleus is a small, highly 
refractive granule, the cciUrogoiiir, which is in the protoplasm of the cell outside the 
nuclear membrane. It seems to exert a directive influence on the granules of the 
protoplasm, or iiiirrosoini-M. 

The origin of the centrosome is donbtful. By some it is regarded as being 
primarily derived from the nucleus ; by others, as derived from the cell protoplasm. 
In any case, it apiiears to play a not unimportant part in the process of division. 
It is sometimes called the }Mlttr fin-jiusrli:, and is occasionally double. 

/', Cell at the commencement of division. The chromatin begins to lose its reti- 
cular form and to he arranged in hranehmg bands; the microsomes, or granules of the 
protoplasm, now becoming arranged in definite lines, radiating from the centrosome. 

c. The chromatin is now arranged as a skein of thick filaments (the spirem stage) ; 
there are now two centroaomata, eacli forming the centre of a radiating arrangement 
of microsomes in the cell protoplasm. 

(I, The nuclear membrane has disappeared. The chromatin filaments are now 
arranged in loops (chromosomes), and the two centrosomata are seimrating from one 
another. 

e. Arrangement of the chromosomes al}Out the equator (equatorial stage) ; fine lines 
forming the ui-liri<mnlic njiiiiillr are now seen to extend between the two centrosomata. 

./', The ehromoaonies (here four in number) have now become arranged in a star- 
like manner (aster or monaster stage), and at the same time have each split longi^ 
Ludinally into two. 

;/, The two halves separate, the bend «t each filament going towards the cent? 
some. This process is known aa metakinesis. 

Il, Further stage of metakineaia. 

i, Fonnation of star at each pole (diaster stage). The achromatic spindle begina 
to disappear. 

/.-, The threads are beginning to assume a skein-likf arrangement, and diviaion in 
advancing in the protoplasm (dispireia stage). 

/, End stage with two new cells, each with a resting nucleus. 
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B -CUTANEOUS STRUCTURES. 



B 1. SKIK- QENESAL OUTLINES. 

l''iG, 1. Transverse Section of the Skin of the Hand, injected (xlO). — The epidenniE, 

eunsiBting of eeveml layers (the outer or honiij Iciyn- being Btained yellow) reels upon 
the vaecular rld-mis or corlinn, with its papillie. Lying in the eorium are two Pacinian 
bodies (Vater's corpnsclee) in section, and several sweat glands, their coiled ducts 
being visihlo in their course through the epideituis. 

The dense connective tissue of the eorium merges into the looser subcutaneous 
tissue, which, with its abundance of fat cells, is called paiiuktiliis adiixmis. Injected 
blue; stained picrocarmine. (Freiidenstein.) 

Fig. •!. Part of the Last Section, more highly magnified (fiO). — The capillary net- 
work around the coiled secreting tubule of a sweat gland, and the arrangement of 
the vessels in the papillee of the dermis, are shown in greater detail. 

The Bupei-fieial homy layers of the epidermis are differentiated by the stain from 
the deeper protoplasmic layers, or yte miu-osum. (Freudensteiii.) 

Fio. 3. —Section through the Palm of the Hand of a Newly-born Child ( x 15). -The 
large number of sweat glands is noticeable ; subsefiuently they become more widely 
separated owing to the growth of the intervening tissues. Miiller's fluid, picro- 
carmine. 

Fig. 4.^Part of the same Section, more highly magnified (169). — The horny layer 
is stained yellow, and rests upon the rete mucosum or rctf Malpiijlii — the superficial 
cells of which are well-develoi>ed granular cells, i/ — forming the siratiuii ijraitnlosiim 
(cf. Plate B C, Fig. 1). The deepest layer of the epithelium contains numerous cells 
with oval or cup-shaped nuclei, c, ''. The duct (jiorns) of the sweat gland has not 
yet become coiled. Miiller's Huid, picrocarmine. 

Fio. 5. Part of the Epidermis from the Specimen shown in Fig, 1 (xl50). — The 
stratum enrneitm, or horny part of the epidermis, is seen to consist of three layers: 

i,, A thin layer of flattened Huperjkial scales, which are being constantly 
desquamated. 

ii., A broad layer of cells, less flattened, but showing no sign of nuclei. It 
forms the greater part of the horny layer, and is sometimes known as the epitrkhial 
layer. 

iii., A layer of clearer cells, stained bright yellow — the stratum luculuiii. Beneath 
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this is the most superficial layer of the rete mucosum— the stratum granulosum. 
Picrocarmine. (Freudenstein.) 

(Note. — In preparations injected with Berlin blue, and subsequently stained with picro- 
carmine, a most complete differentiation of the different layers of the epidermis is often 
obtained.) 

Fig. 6. Longitudinal Section of the TJngual Phalanx of the Thumb from an Infant 
( X 16). — In situations, such as the nail-bed, where horny structures are highly developed, 
the sweat glands are absent. They are seen to be few in number just behind the nail- 
groove, but are very numerous in the skin of the palmar surface of the finger-tip. 
Mliller's fluid, picrocarmine. 

Fig. 7. A Few Scales from the Homy Layer of the Epidermis, isolated ( x 400). — The 
figure shows them as seen from the surface, before the addition of reagents. 

Fig. 8. Similar Scales, after wanning with Caustic Potash ( x 400). — They swell up, 
and the remains of the nuclei become visible. 

Fig. 9. A Few Squamous Cells from the Hncous Membrane of the Mouth ( x 400). — 
Scraped from the inner side of the cheek, and examined fresh. 

The cells are joined to one another laterally in such a way that the intercellular 
substance is heaped up into small elevations or ledges, while on the surface, where 
one cell rests upon another, are small rods of intercellular substance to unite them. 
These intercellular bridges are well seen between the cells of the epidermis. {Cf. Plate 
B 6, Fig. 5.) 

Fig. 10. Two Squamous Cells after Treatment with Chromic Acid ( x 400). — The nuclei 
and concentric rings of granules are brought distinctly into view. 
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B 2. THE SKIN (contmaed)-APPENDAOES : HAIR. 

Fig. 1. Section through the Scalp of a New-born Child (x40). — The general details 
are as described before : the epidermis, the cutaneous muscles {arrectorcs pUorurn), 
and the contents of the bloodvessels are all stained yellow ; the deeper layers of the 
epidermis, .the connective tissue, and the hair follicles, red. In the middle is a hair, 
with its root and follicle shown in complete longitudinal section. On the left side of 
the section the apex of a hair is seen still lying covered over by the epidermis. Chromic 
acid and alcohol, picrocarmine. 

Fig. 2. Section through the Scalp of an Adult (xlO). — The subcutaneous tissue 
(panniculus adiposus) is only represented on the left of the figure, the bands of con- 
nective tissue which support the subcutaneous tissue, and connect it to the structures 
lying beneath it, being shown on the right. Two of the hairs are seen in complete 
longitudinal section, showing the hair itself, or the body of the hair outside the skin, 
and the root, or that part lying in the depression or hair follicle ; in the other two the 
section has only caught the hair roots, but one shows distinctly the enlargement of 
the root, or hair knob, lying over the hair pajnlla. Picrocarmine. (Waldeyer.) 

Fig. 8. A Hair from the Scalp of an Infant ( x 60). — From just below the hair root 
a cylindrical process of cells G, derived from the hair papilla, passes downwards, and 
constitutes the rudiment of a new hau*. At first the rudiment is composed of proto- 
plasmic cells, but later the central ones become modified to form the hair medulla 
and the hair scales, as in the formation of the original hair. Picrocarmine. 

Fig. 4. Transverse Section through the Boot of a Small Hair just above the Papilla 
( X 800). — Showing the structure of the hair follicle, and the root-sheaths which line it 
and invest the hair root, which is here cut just above the papilla, and therefore 
consists of soft, protoplasmic cells, actively growing. Double-stained. (Waldeyer.) 

The hair follicle examined from without inwards presents : 

1. A connective-tissue network — the dermic part of the follicle (follicidua pili) ^consist- 
ing of connective-tissue fibres and cells, arranged for the most part circularly, and enclosing 
bloodvessels {vasa sariguifera), 

2. A clear, membranous structure — ^/ic hyaline layer — separating the connective -tissue 
part of the follicle from the epithelial root-sheaths. 

Note. — In this section the root- sheath has contracted to some extent, leaving a space 
between itself and the connective -tissue layer, in the situation of the hyaline layer. 

3. TJie root'sJieath—Qji epithelial sheath which is very closely applied to the hair root, 
and consists of two layers : 

(a) Tlie outer root-sheath — stained purplish in the section, consisting of several 
layers of soft, protoplasmic, non-flattened cells, continuous w^ith the Malpighian layer of 
the epidermis. 

(b) The inner root-sheath — itself consisting of three layers : 

(i.) Henle's layer — consisting of elongated cells, stained blue in the figiure ; 
many of them non-nucleated. 

4 
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(ii.) Huxleifs layer — stained purplish, lying imoiediately internal to Henle's 
layer, and consisting of softer polyhedral cells with distinct nuclei. 

(iii.) The cuticle of the root-sheath — stained pink, wliich must bo distinguished 
from the cuticle of the hair itself, with which in the section it is seen to be in close 
relation. 

Fig. 5. Transverse Section through the Boot of a Coarser Hair from the Scalp ( x 250). 

— The section has caught the hair follicle higher up than in Fig. 4 — i.e., considerably 
above the hair knob — so that the cellular structure of the hair is less distinct, the hair 
consisting in this situation of elongated fibrillated cells enclosed by the hair-cuticle. 

The layers of the root-sheath are exactly as in Fig. 4. 

Fig. 6. Longitudinal Section of the Eoot of a Hair from the Scalp ( x 150). — The 
vascular hair papilla is distinctly seen, and the soft, growing protoplasmic cells of the 
hair knob fitting over it ; some of these cells are seen to be pigmented and to possess 
branching processes. A little higher the cells composing the hair become longer and 
narrower. 

The layers of the root-sheath and hair follicle as in Fig. 4. 

At X the outer root-sheath has withdrawn from the hyaline layer of the follicle, 
and on pulling out such a hair, the entire root- sheath is frequently removed with it. 

7>, Fat cells of the panniculus adiposus around the hair follicle. 

O, ft. Hair cuticle. 0, tt\ Cuticle of inner root-sheath. MuUer's fluid, acid 
carmine. (Merkel.) 

Fig. 7. Part of the Surface of a Hair outside the Hair Follicle ( x 150). — The irregular 
margins of the flattened, imbricated scales forming the hair-cuticle are seen. 

Fig. 8. Shaft of a Hair, the Microscope being focussed on the Central Fart ( x 150). — 
Centrally the dark substance or medulla, around which is the fibrous material of the 
hair, consisting of elongated cell-remains ; investing the whole, the hair cuticle. 

Fig. 9. Hair Root, with the Surrounding Adipose Tissue ( x 40). — The bloodvessels are 
injected blue ; a loop of capillaries penetrates the papilla, while around the hair root 
is a wide-meshed capillary network. 

Fig. 10. Fart of the Shaft of a Hair with the Inner Boot-sheath adherent to it. 



B 3. THE SKIN (continued) -PAPILLA, NAILS. 
Fro. 1 . Horizontal Section of tlie Skin of tlie Finger-tip, sUglitly obliqne ( x 16),- 
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papillfB are seen to he arranged in rows or lines, several of which are cut acroBS in the 
section. These rows of papillre form the small lines seen with the naked eye in aucli 
situationB as the finger-tips and palm of the liand. 

The diTcts of the sweat glands lie in the middle line of each of these rows, and 
open on to the surface liy small orifices or /"dv.s. Picrocarmine. (Waldeyer.) 

Fio. 2. DiBtribution of the Blood- vessels in the Rows of Fapillie and the Corium below 
them (x20.) — The section is oblique, in the upper part being deeper, and passing 
through the tissues of the dermis ; in the lower part more superficial, through the 
epidermis, the smalt vessels in the lower part being in the papillary elevations of the 
dermis, and not in the epidermis itself, which is non-vaseular. Injected specimen. 
(Waldeyer.) 

Fio. 3. Elastic Network in the Skin ( x 20). — A fine network of elastic fibres exists 
in the corium, and very fine fibres pass up into the papilbe, (Preparation by Weigert, 
in the Berlin collection.) 

Fio. 4. Papillary Part of the Skin, separated and stained ( x 25). — On the right some 
sweat-glands have alao been removed. Carmine. (Waldej'er.) 

Fio. 5. Part of the Last Preparation (x 100).— The papillie of the dermis passing up 
into the Malpighian layer render it in-egular and reticular, hence its name rete 
Malpifihi. Two sweat glands are shown throughout their length. Carmine. (Waldej-er.) 

Fio. G. Transverse Section of the Nail of a Seven- Uonths Foetus <x80).— The 
nail, which is distinctly developed, is stained yellow, and is seen to rest upon the 
stratum ffranulostim of the rete, which, with the corium beneath, is here known as the 
naiUfd. 

The papillte of the nail-bed, well marked at the side, are more closely packed and 
Hatter at the middle of the nail. Chromic acid, picrocarmine. 

Fia. 7. Longitudinal Section of the Finger-nail and its Bed from an Adnlt(x8].— The 
nail (stained yellow) is seen to dip deeply into the nail (tronre, forming the ruut of the 
nail; the part of the bed in this situation is called the nail matrix, and is the 
part concerned in the growth of the nail. The papillse, being arranged in longitudinal 
rows, are not seen in this section. Picrocarmine. (Waldeyer.) 

Fio. s. Longitudinal Section at the Situation of the Root of the Thumb-nail, &om an 
In&nt ( X 60). — Sweat glands, which, as Htated aiiove, are absent in the region of the nail, 
are seen to occur in the skin immediately behind it. Picrocarmine. (Waldeyer.) 

4—3 
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Fig. 9. Cross-section of the Nail and Nail-bed of an Adult ( x 60).— The nail itself is 
seen to consist of several layers, and is practically a greatly thickened stratum lucidum, 
the epitrichial layer having disappeared, except over the lunula, or white part of the 
nail near the matrix. 

The papillsB of the nail-bed are seen in section ; they rim longitudinally, and 
constitute elongated ridges rather than separate papillae. A Pacinian body (corpusc. 
Vateri) is seen in the connective tissue beneath the papillae. Picrocarmine. (Waldeyer.) 
Fig. 10. Cross-section of the Nail of a Seven-Honths Fodtus near the Finger-tip ( xlOO). 
— The nail-bed is seen to be continuous with the Malpighian layer of the skin ; the 
nail, with the lower part of the stratum comeum (stratnm hicidinn). Chromic alcohol, 
picrocarmine. 
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B. 4 THE SKIN-NERVES AND SENSORY END-ORGANS. 

Via. 1. Section of the Skin of the Toe (x70). — Three tuctile corjmsdes (rorjmscula 
tartua) are seen projecting into the papillae of the corium. Gold chloride, Eanvier's 
inotliod. (Merkel.) 

Fio. 2. A Tactile Corpuscle from the Sole of the Foot, more highly magnified (650).— 
Two nerve fibres enter the corpuscle from below. (Cf. Figs. 9, 10.) Gold chloride. 
(Merkel.) 

Fio. 8. Section through the Skin of the Pig's Snout ( x 260).— il/rr/.v/'/j tactile eelh are 
Been in the deeper layers of the rete Malpighi. A nerve fibre passes to each tactile 
cell ; on the right some larger nerve fibres are shown. Gold chloride. (Merkel.) 

Fio. 4. Section of the Skin of the Dog's Hose ( x 30). — Numerous nerve fibres pass 
from below (the corium) into the papillae and the rete Malpighi. Ramon-y-Cajal's 
silver method. (Merkel.) 

Fio. 5. A Part of the same Preparation more highly magnified. — The nerve fibres 
are seen to extend deeply into the Malpighian layer. 

Fig. 6. Section of the Skin and Mucous Membrane of the same Dog's Nose ( x 15). — 
On the loft of the specimen, the nerve fibres are seen ramifying in the subcutaneous 
tJHHUii. On the right the large and small ducts of mucous glands are also marked 
Miit by ihi) reduction of the silver salt. Eamon-y-Cajal's silver method. (Merkel.) 

Vui. 7. A Tactile Hair from the Cat. — Around the hair is applied Bonnet's basket- 
lili<t iMirvo pli'XUH, with small nerve-cells attached to the nerve fibres. (Merkel.) 

|''Mi. H. Verve Fibres and End-cells from the same Preparation more highly magnified. 
Tli« nnrvn l\hnm appear varicose, and the cells are oval in shape. (Merkel.) 

|''i(i. (K Oross-section of a Tactile Corpuscle from the Finger-tip ( x 325). — The centre 
of tlm ri»r|MiHrl<i in not occupied by a central core, as in the Pacinian bodies, but is 
i'imi\itmi'.i\ of rouiMjrtivii tisHue in which the nerve fibre or fibres wind. (Merkel.) 

I'll,. 10, Tttotlle Corpuscle from the Finger-tip (palmar surface) of Man (x325). — A 
Willi oiiii Ktnl iMiiVd Jihm |)iiHH()H to the corpuscle from below, and is seen in section in 
ilin boil.V of llin r.orpUHrln. (Morkel.) 
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B. 6. THE SKIM-SEBACEOUS GLANDS, MEIBOMIAN GLANDS- 
MAMMARY GLAND. 



THE 



Fig. 1. Section of the Scalp. Lnjeeted blue ( x 3fi). — Two hair follielea are cut across 
obliquely; to the right the acijii and duct of a sebaceous gland are shown in seetion. 
The duct usually opens into a hair follicle, near the surface. The acini of the gland 
are surrounded l>y a wide-meshed capillary network. Picrocarmine. (Reiehenbach.) 

FiQ. 2. Part of a Section through the Acini of a Sebaceoni Oland ( x 200). — Lying at 
the periphery and lining the acinua is a layer of cells, wliieh contoiu only few fat 
droplets, stain darkly, and in the living state actively divide to form fresh sebaceous 
cells, which pass towards the centre of the acinus and go to form cells of the middle 
zone, with very numerous fat droplets (in this section the fat has been removed by 
benzol, so that the cell substance appears spongy). The cells most centrally jjlaced, 
llUing up the acinus and extending towards the duct, are in process of disintegration, 
so that the fatty material is set tree, forming the secretion or sebum. Miiller's fluid, 
acid carmine. (Merkel.) 

Fig. 3. Isolated Cells from a Bebaceoua Oland ( x 300).— « A cell from the border 
zone, with only a few fat droplets and much unaltered protoplasm. 

b A cell from the middle zone, with abundant fat-droplets. 

c A cell near the duct in process of disintegration, nearly all the protoplasm 
being replaced by Eat. Miiller's fluid, acid carmuie. (Merkel.) 

Fig. 4. Section throngh the Eyelids of a Six or Seven Months Fcetns (x 10).— The 
lids are still closed, and altliougli all the other tissues still present distinct embryonic 
characters, the Meibomian •jlninh are already well developed and produce fat, like the 
cells in the sebaceous gland of Fig. 2. Alcohol, hicmatoxylin. 

Fig. 5. Acinus of a Heibomlan Oland more highly magnified (300). — The specimen 
Bhows that the cells of this gland and the changes in tlieni associated nith the process 
of secretion very closely resemble those occurring in the sebaceous glands, so that the 
Meibomian glands are regarded aw modifications of the latter. Alcohol, hematoxylin. 

Fia. 6. Section of the Manunary Gland of a New-born Hale Child ( x 6). — The ijaiac- 
toj'enma ilnvla, each with a dilatation, the sinus lartfiia, are seen converging towards the 
nipple, where they open by small pores. From the sinus lacteus pass off smaller tubules 
— lactiferous tubules ('liulns lavlifcr.) — to the acini of the gland, which are arranged 
in lobes, and are well developed in this specirueu. (In some cases a small amount oE 
secretion may occur in the acini of the mammary gland of male children.) 

The body uf the gland ia embedded in the paiinieuluH adiposus (i'.«.). Similar 
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appearances are presented by Montgomery's glands, which lie around the nipple, in 
the areola ; they are practically small, undeveloped milk glands, and are best marked 
during lactation. (Merkel.) 

Fig. 7. Section through the Mammary Oland of a Non-laotating Woman ( x 20). — The 
ducts and acini appear as dark areas lying in the connective tissue and fat ; in the 
upper part a sinus lacteus is seen in section. Unstained preparation. (Merkel.) 

Fig. 8. Acini from the Breast of a Laotating Woman ( x50). — The connective and 
adipose tissue is now much less abundant in proportion to the secreting gland tissue 
than formerly, owing to the increased development of the latter to prepare for lactation. 
Carmine. (MerkeL) 

Fig. 9. Acini from the same Preparation more highly magnified (250). — The acini 
are larger than in the non-lactating condition, and contain fat globules ; the cells 
lining the acini are more or less cubical in shape, instead of being flat, as in the non- 
secreting mammary gland. On the left, in the upper part of the section, a few cells 
belonging to another acinus are seen from the base or attached surface. 

Fio. 10. Section through the Developing Mammary Oland of a Six-Months Female 
Embryo ( x 12). — The epithelium in the situation of the future nipple is much thickened, 
and sinks like a plug into the subjacent tissue. 

From this epithelial plug the galactoferous ducts pass off laterally in various 
directions ; two such are shown in the section. The gland substance grows downwards 
into the panniculus adiposus, between the fat lobules. Chromic acid, acid carmine. 
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B 6 THE SKIN -EPIDERMIS-SWEAT GLANDS- THE LIPS. 
Fig, 1. Skin of the Palmar Surface of Finger-tip, treated with Osmic Acid ( X 70), — The 

boriiy yort of tbe epidermis bIiows the three layera already described {rf, Plate B 1, 
Fig 5), The euperficial cuticle and the deep Btratum lucidum are both darkly stained 
owing to the reduction of the oamic acid. Tbe coiled duct of a sweat gland passes 
through the epidermis, several windings being here shown in section. Flemming's 
fluid, acid carmine. (Merkel,) 

Fig. 2. Epidermis from the Sole of the Foot ( x 30). — The homy layer is relatively 
much thicker, as is tbe rule in parts subjected to intermittent pressure ; the stratum 
lucidum is again well shown. The coila of a sweat duct are here shown completely. 
Alcohol, pierocarmine. (Meyer.) 

Fig. S. ])QOt of a Sweat Otand in the Bete Halpighi of the Specimen represented in 
Fig. 1 (xSfiO). — The duct is lined by cells which seem to be differentiated from the 
cells of the rete even in the embryonic condition* {vf. Plate B 1, Fig. 4). Flemming's 
fluid, acid carmine. (Merkel.) 

Flu. 4. Deeper Cells of the Epidermis from the same Preparation ( x 750). — The 
stratum hiukhim, tlie deepest stratum of tba horny part of the epidermis, resta 
upon a layer of flattened cells, containing granules of eleidiii (the stratum tfraiiitlusum), 
then follows a layer several cells deep {the layer of prickle celln), the cells being 
irregularlj' polyhedral in shape ; they are separated by small intercellular spaces, which 
are bridged across by fine fibres serving to unite the cells to one another. The moB 
deeply placed cells are longer and more regular in shape, and possess numerous fine 
processes which are dh'ected towards the vessels of the corium, and no doubt assist in 
deriving nourishment for the cells. Flemming's Hiud, acid carmine. (Merkel.) 

Fio. 5. Cells from just above the Corium, highly magnified (slightly diagrammatic). — 
The deepest cells again show the processes directed towards the vessels. Where the 
margins of several (generally three) cells come together, the intercellular substance is 
in the form of a ridge, while where the fiat surfaces of two cells come together it is in 
the form of small rods (Fig. Ba). From cell to cell a stream of lymph or plasma 
passes, as described by Ean^-ier. 

Fig. 6. Setailfl of the Btmctnre of Sweat Olajids. — a, A small secreting canal from 
the coiled part of the gland. There is a layer of oblique nucleated fibres (probably 

* The coiled part of the sweat duot i 
pussage between the epitbehal uells of the 



I the opidennis is. however, generally desoribed as simply a 
(pideriiiia. — Ta.VN sw ro b . 
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plain muscle fibres, though this is not absolutely certain) between the basement mem- 
brane and the epithelial cells of the gland ; the outlines of the latter can be indis- 
tinctly seen through the fibres. 

h, Section a little deeper, the muscle fibres being for the most part shaved off ; 
the epithelial cells are now clearly seen. 

c, Section of a part of a gland tubule. The basement membrane is shown with 
the muscle fibres in transverse section resting upon it, and the epithelial cells internal 
to them. 

df Cross-section of a secreting tubule ; the lumen is greater than that of the 
duct e. 

€, Cross-section of a duct from the convoluted part of the gland. There is a 
basement membrane, two layers of epithelium, but no muscular tissue ; the lumen is 
small, and is lined by a distinct cuticle, (a — e x 600.) 

/, Cross-section of a coil of a sweat gland, with fat cells around it stained black 
by osmic acid. ( x 210.) The gland tubules are seen in longitudinal and cross-section, 
and one part shows the investment of oblique muscle fibres. Flemming's solution, 
acid carmine. (Merkel.) 

Fig. 7. Transition of the Epithelium of the Lip into that of the Mucous Membrane 
of the Mouth, from a Seven-Months Fodtas ( x 150). — The epithelium of the mouth is 
thinner and the papillsB broader and less regular than those of the lip. Chromic acid, 
acid carmine. 

Fig. 8a. Section of a Mucous Oland and its Duct from the Lip of a Seven-Months 
FoDttts (x70). — These glands are well developed and functionally active at this stage. 
The duct branches repeatedly, the small ductules passing to the alveoli of the gland. 

Fig. Sb. Section through an Alveolus of the Oland ( x 350). — The cells are 
characteristic mvcous cells, the inner part of the cell being swollen out with mucin, 
which re])laces the protoplasm and does not stain. Chromic acid and alcohol, acid 
carmine. 
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1. SENSE OROANS-SMELL AND TASTE. 

Fig. 1. Ssction of the Posterior Part of the Nasal Cavity of a Seven-Months Foetus 
( x7).— In the upper part is the olfactory bulb ; the septum narium lies to the left. 

The olfactory region {regio olfactoria) of the nasal mucous membrane extends down 
the septum, and down the lateral wall as far as the two red asterisks marked in the 
figure. The mucous membrane in this region contains only few of the larger mucous 
glands, but the bundles of the olfactory nerve fibres (stained red) can be distinguished 
even with this low magnification, especially at the side of the septum. 

I., II., III., The upper, middle, and lower turbinated bones. 

The respiratory region {regio respiratoria) extends* from the asterisk on the upper 
turbinated bone, over the middle and lower turbinated bones, across the floor of the 
nasal cavity, and up the nasal septum as far as the asterisk. Chromic acid, alcohol, 
acid carmine. 

Fig. 2. Part of the Respiratory Region from the Last Preparation ( x 300). — The 
epithelial cells are elongated or columnar in shape, and bear cilia at their free margins. 

/, A lymph corpuscle passing between the cells. 

b, A goblet or mucoid cell. 

V C, Capillary vessel in section. 

The opening of the duct of a mucous gland on to the surface is shown. The ciliated 
epithelium extends for a short distance down the duct, and then becomes cubical and 
non-ciliated. Deceptive appearances may be obtained in section, epithelial knots 
appearing, since the ducts pass obliquely through the epithelium of the mucous mem- 
brane, and the section, as is frequently the case, does not catch the neck of the gland. 
Chromic acid, alcohol, acid carmine. 

Fig. 3a. Ciliated Epithelial Cell from the Respiratory Region of an Adult ( x 600). — 
ci. The cilia ; w, the nucleus. 

Fig. 9b. Two Tapering, Non-ciliated Supporting Cells from the Regio Olfactoria of an 
Adult, with an olfactory cell (s) lying beside them. The branching basal processes of 
the supporting cells are also shown. Osmic acid. (Merkel.) 

« 

Fig. 4. Cross-section of the Olfactory Region of an Adult, prepared with Osmic Acid 
(xlOO). — The mucous membrane is thick, somewhat pigmented, and is lined by a 
cylindrical epithelium, between the cells of which olfactory cells are found. Beneath 
the mucous membrane are large glands — Bowman's glands. (Merkel.) 

* The regio olfactoria is, however, by most authors described as extending down to the middle of 
the middle turbinated bone. — Translator. 
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Fio. 5(1. Saotion through the OlfEU^ry Segion of a Seven-Months PoBtuB (xl60).— 
The arrangonient of the epithelium is distinct, and exactly as in the adult. The duct 
of a mucous gland is also shown. 

19, Nerve fibres passing to the epithelium. 

Kt(). 5/). Supporting Cells and an OUEtetory Cell firom the same Specimen ( x 360). — On 
iho fn)o surface of the supporting or smtentacular cells lie small granules which stain 
tvadily, and might be mistaken for cilia. Chromic acid, alcohol, acid carmine. 

Ktn. (K A Shred of Macons Membrane from the Olfisctory Begion (x300). — The 
H|>ooi)uon shows the cells in their natural relations. At the free margins of the cells 
\\\^vp. is an ap|H)aranco of a row of granules, as in the last figure. A thin cuticle or 
^^^i^^^^bmuf^ is also doscribod as existing over the free surface of these cells. Osmic acid. 

t^'ip^. rt* 4» and (l after preparations of Brunn's. 

t'Vi. T. Oro«i-ieotion of a Circumvallate Papilla from an Adult ( x 26).— The papilla, 
<y\\iiM^^\^«Ht bv th« fty«r/^ into which r. Ehner's glands open, is seen with secondary 
kV!^W\\^^ v^h y\\^ surface, and taste-buds on each side of the trench {cf. Plate G 4, 
r<^. rt-«>. Mull^vV fluid. (Merkel.) 

\>\\x, ». A tMt«*bud flrom the Last Preparation (x 600). —At the outer part of the 
V^stW^^^^^ ^^v ^\un\lmrs of flat, elongated supporting cells, which are also very distinctly 
»s^v*v\ ^w <M\\^\\ ^S\ t^ig* H» These sustentacnlar or supporting cells are fusiform, and 
kv v^. v»xt< \^^hiv \\w\\^\ : t'^py Gxtnnd down to the basement meml)rane. Between them 
Kv ^^ >y^ vN^ ^-TftAtr^^ttf »'»'Wit. f». which possess cilia-like processes, passing towards 
, Km .u ^^K^v ^n^ \\\y' ft^sti^-bud or fiiintatarif pore. Mliller's fluid. (Merkel.) 

V V- ^^ »^t^^ %tt\{m of Four Taste-buds ( x 260).— The spaces in the epithelium in 
V »a« U \Uy \^<W b\\^<»* li«^ ^^'^' ''''''** ^^' '^" distinctly marked off, and the nuclei of the 
'u.^,uvuu. yM^>U »vh^ \\y^\ MboNViK MtUlor's fluid. (Merkel.) 

\ \ ^ W^ *S^t»*^ t^vtt^w i»r»hi» MoU.— Introduced for comparison. 

\ vur^u^^i^lbo^^ \si\\^\\h\ Nvltli a vory pronounced network of nerve fibres 

\ i^,. ».uuii\i».iUv^M^» y»l Hu» uorvo llbroH in the tasto-buds on the right side of the 

I, n Nvu»» Uum>*MM^*i^ \\\ « Taut© -bud and the Surroundmg Epithelium 



C 2. SENSE ORGANS'- THE EYE : GOBNEA AND LENS. 

FiH. 1(1. Section of the Outer Layerg of the Cornea (xl50).^The iiiiterior epi- 
theliuui rests upon tbe anterior homogeneous lamina {mcmhraiii- of Boivmau) ; it 
consiats of several layers, the more superficial being Hat, the deeper more columnar. 

Beneath this come many layers of connective tissue, the strands or bundles of 
which are seen in either transverse or longitudinal section, leaving spaces or lacunae 
between them (t. Ri^ckliii'jhausen'B spaces), in which tlie cdrKed^ corpiisch-s lie, and which 
also serve as lymph channels. 

Fio. I'l. Section of the Inner Layers of the Cornea ( x 160). — It is bounded inter- 
nally by the internal or elastic lamina {Hn: mcmhrane of Desi-emi-t), and the epithelium 
resting on it, a single layer of lower, flattened cells derived from the epithelium of the 
anterior chamber. Miiller's fluid, carmine. (Bchmidt-Kimpler.) 

Fig, 2. The Structure of the LenB — (V*) The Lens Capsnle and the Border Zone of the 
Epithelial Layer (Lena Epithelium) applied to it ( X 300). — The cells incrcaiie in length 
by degrees, and form the Ifus JIhna, each possessing a epindle-ahaped enlargement 
aronnd the nucleus. 

With the development oE these fibres the nuclei become pressed towards the 
centre of the lens. The lens fibres are thus transformed epithelial cells. 

Fig. ■2h. The Edge less highly magnified (75). — Tbe lens capsule, epithelium and 
fibres are shown. The latter can be followed in their curved course for a longer 
distance. Carmme. (Schmidt-Eimpler.) 

FiQ. 3. Cross-section of the Lens Eibrea from a New-born Child (x 350.) — The 
broader fibres are those which are cut across in the neighbourhood of the nucleus. 
One of the latter is visible in the preparation. The lens fibres have finely-serrated 
edges. Chromic acid, alcohol. 

Fig. 4. Capsule of the Lens, with the Fibres of the Zonule passing to it ( x 375). — 
On the right are the epithelial cells {/(■»« '.■pithclium), with tho ends of lens fibres 
resting on them. Carmine. (Schmidt-Rim pier.) 

FiQ. G. Epithelium of the Anterior Surface of the Cornea from a Seven-Hontbs Fcetus 
(x400)^((j) Seen from the Surface. — Above, the Hat cells which form tbe external 
layer are seen ; below, the smaller, more columnar cells, which form tbe deepest 
layer and rest on Bowman's membrane. 

Fio. 5b. Cross-section (inverted in relation to Fig. la). — In the lowest part are 
the flattened cells, which lie externally, and appear spindle-shaped in section; lying 
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just above these, the deeper, more cylindrical epithelial cells ; above this, again, the 
connective-tissue basis of the cornea, with the spindle-shaped corneal corpuscles. 
Chromic acid, acid carmine. 

Fig. 6. Arrangement of Bloodvessels at the Limbns CongunctivflB-ComeflB (x8). — 
Only the outer part of the cornea is represented. The vessels are seen to enter the 
edge of the cornea and form loops. From these vessels the cornea is supplied with 
lymph through the medium of its cell spaces (v. Kecklinghausen's canals). Prepara- 
tion by Thiersch. (Merkel.) 

Fig. 7. Kerve Distribution in the Epithelial Layer of the Cornea ( x 300). — Beneath 
the anterior homogeneous lamina, the nerves lose their medulla and form a plexus — 
the subepithelial jdexas — from the branches of which fine non-meduUated fibres pene- 
trate between the epithelial cells to form a plexus (intra-epithelial), and in part end 
free. Gold chloride. 

Fig. 8. Corneal Connective Tissue, stained Blue ( x 260). — The unstained areas are 
the lymph spaces, with the corneal corpuscles lying in them. 

FiGK. U-11. Pigment Cells from the Choroid ( x400). 

Fig. 9a. Pigment Cells, with long pigmented processes and a central nucleus. 

Fig. %. Pigment Granules, more highly magnified. 

Fig. 10. Epithelial Cells from a Ciliary Process (surface view). 

Fig. 11. Lateral View of Celk from the same Situation. — The pigmented cells lie 
externally ; they are the continuation of the retinal pigment cells. The clear, non- 
l)lgmented colls lie internally, and are the continuation of the layers of the retina, 
which become modified at the ora serrata. 

Vu\. 12. Cells from the Lamina Fusca of the Sclerotic ( x 400). — These pigment cells 
lie in the looser connective tissue of the inner side of the sclerotic. 
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3. THE E7E-0H0R0ID, IRIS, OILIART PROCESSES. 

Fig. 1. Iris from a Dark-coloured Eye ( x 60). — The pigment cells lie in the deeper 
layers, especially round about the fil)res of the sphincter ptipUUe muscle, which, being 
arranged circularly, are seen in cross-section. 

The thick layer of pigment on the posterior surface of the iris is the uvea, and is 
continuous with the pigment epithelium of the pars ciliaris reiUue. Hjematoxylin, 
eosin. (Schmidt-Kimpler.) 

Fio. 2. A Portion of the same more highly magnified (160). — The outlines of 
the pigment cells are more distinctly seen, and also the muscle fibres m transverse 
section, lying in the connective tissue forming the basis of the iris. Hiematoxylin, 
eosin. (Schmidt-Rimpler.) 

Fio. 8. Cross-section of the Ciliary Process and the Parts adjacent to it ( x 60). — The 
comeo-sclerotic junction with the canal <*/ Schlcmw, the lifiamcntnm pectinatum irifiiit 
arising near it, and the iris in front. The ciliary muscle is separated from the 
sclerotic by a layer of pigment continuous with the lamina fnsca ; its fibres pass 
backwards to be inserted into the choroid. 

Some of the fibres are seen in transverse section near the beginning of the iris, 
and constitute the circular ciliary muscle of Miiller. The fibres of the zonule of Ziuu 
are shown in their relation to the lens and to the ciliary body. Carmine. (Schmidt- 
Rimpler.) 

Fia. 4. Section of the Choroid (x 120). —The most external layer is the lamina 
siiprachoroiilea, which contains layers of large pigment cells, and is in relation with the 
lamina fusca of the sclerotic, from which it is separated in part by a small lymph 
space. The vascular layer contains fewer pigment cells, but numbers of large vessels 
(violet in the figure). Internal to this is the rhoria-capillaris, or capillary layer of the 
choroid, covered by a thin membrane, the memhntnc of Brnch {lamina hasali>i). 
Hfematoxylin, eosin. (Schmidt-Eimpler.) 

Fig. 5. Entrance of a Vena Vorticosa ( x 20). — These vessels perforate the sclerotic 
obliquely to reach the choroid. 

The vessel itself and the large vessels in the choroid are thickly enveloped by 
pigment. Carmine. (Schmidt-Rimpler.) 

Fkt. G. Horizontal Section through the Anterior Part of the Eye (diagranunatic) 
vX7). — The lens is strongly arched, as is the case in young individuals. 
The various structures are indicated in the diagram. 
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4. THE E7E— OPTIC NERVE, RETINA. 

Fig. 1. Section throagh the Entrance of the Optic Nerve (xlO). — The arteria 
centralis retinoi and its accompanying vein are shown in section in the upper part. 
The optic nerve is shown in longitudinal section, and perforates the sclerotic at the 
lamina crihrosa; connective- tissue septa are seen dividing the nerve into bundles. 

On the left-hand side of the section the retina, choroid, and sclerotic are shown 
separated from one another. 

On the right the fovea centralis is shown, and the thickening of the choroid in 
this situation. Carmine. (Schmidt-Kimpler.) 

Fig. 2.— Optic Nerve stained by Weigert's Method ( x 16). — This specimen shows the 
change from medullated to non-meduUated fibres, the optic nerve fibres losing their 
medulla just before passing through the lamina cribrosa. (Schmidt-Kimpler.) 

Fig. 3. Begion of the Ora Serrata ( x 50). — The retina has separated from the 
choroid, and the latter also from the sclerotic. 

At the ora serrata the nervous structures of the retina stop abruptly, and the 
retina is continued forward as the pars ciliaris retince, which consists simply of two 
layers of epithelium (cf. Plate C 2, Fig. 11) ; and here there exists a more close union 
between the retinal layer and the choroid, because the last fibres of the zonule of Zinn 
take origin in this situation. 

L.f. the lamina fusca attached to the sclerotic. Carmine. (Schmidt-Eimpler.) 

Fig. 4. Section through the Povea Centralis (x70). — The external and internal 
limiting membranes are both curved, so that the retina in this situation is thinnest, 
though it is at its thickest in the surrounding part, the nvaada lutea. 

At the fovea centralis there are no rods, and the cones are much elongated ; the 
other layers of the retina are much thinner, and almost disappear, except that beneath 
the cone-layer the external nuclear layer is well marked ; its nuclei belong to the cone 
fibres. 

The molecular layers of the retina are stained orange. Picrocarmine. (Schmidt- 
Eimpler.) 

Fig. 5. Cross-seotion of the Betina, after a Preparation by H. Virchow ( x 76). — The 
nerve cells are distinctly seen in the ganglionic layer. Carmine. (Sobotta.) 

6—2 
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Fig. 6. Part of the Last Preparation more highly magnified (226). — In the upper 
part a few fibres of the nerve-fibre layer are represented ; on the right a nerve cell of 
the ganglionic layer is isolated ; in the middle lies a bloodvessel, which has retracted, 
and therefore appears in a clear space. The other layers are indicated in the figure. 

a, A supporting fibre, ox fibre of Midler. 

by An isolated cane element, the nucleus of which lies in the outer nuclear layer. 

r, An isolated cone element, its nucleus being situated more deeply in the outer 
nuclear layer. 

Between the nucleus and the outer part of the cone element is a constriction. 
All the cone cells show a darkly stained area around the nucleus. Carmine. (Sobotta.) 

Fig. 7. A Bod and Cone from the Last Preparation isolated (xlOOO), compared 
with the same elements in the fresh retina, and slightly schematized. — The dotted 
lines, me and mi, indicate the borders of the outer and inner nuclear layers respectively. 

The upper one is a rod element, and consists of the rod itself and the rod fibre 
with its nucleus ; the rod fibre ends in a knob-like thickening within the outer mole- 
cular or inner nuclear layer. 

The lower figure is a cone element, and consists of similar parts, except that the 
cone fibre divides into branches. 

a, The outer segment, cylindrical in the case of the rod, conical in the cone. 

b, Zone of granular protoplasm, joining on to the outer segment. 

r, Zone of very fine granules ; this becomes constricted at the external limiting 
membrane, and the rod fibre or cone fibre is given off into the outer nuclear layer. 

The rod fibre is quite thin, and has its nucleus deeper in the outer nuclear layer ; 
the nucleus itself has its chromatin in most cases in two distinct transverse discs. 

The cone fibre is thicker; the nucleus is generally near the external limiting 
membrane, and its chromatin is less regularly arranged than in the nucleus of the rod 
libre. Carmine. (Sobotta.) 
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5. THE ETE-BETINA (continaed). 

Fig. 1. Diagram or Scheme of the Betina, after Kallios. — The retina, like the 
cerebellum, presents an extremely complicated structure, and still further researches 
are needed to elucidate many of its details. The varicose optic nerve fibres (non- 
medullated) proceed to the large ganglion cells, r, s, t, n, v, tc, and form the axis 
cylinder processes or neurites of those cells {chief processes o/Kallius), 

The dendritic processes of these cells, which have no less important functions, 
ramify in the manner represented, their branches lying between those of the so-called 
2}arareticular cells, Z, m, n, o, j;, q, which are shown in violet. Moreover, in the same 
zone also are the ramifications of the axis cylinder processes (chief processes) of the 
bipolar cells , c, dy e, /, g, h. Between these are large liorizontal cells, i. A*, whose 
dendritic processes ramify for the most part like those of the bipolar cells, in that zone, 
which contains also the knob-like swellings and ramifications of the rod and cone 
fibres, which are represented as described in the last plate. 

a, Bod elements. 

b, Cone elements. 

X, MUller's supporting fibre, showing spaces for the cells of the nuclear layers, and in the 
rod and cone fibre layer is the basket-like network. It possesses a nucleus of its own in its centre. 
Zi Pigment cells of the retina. 

Layers of the retina, after Kallius : 
I. Pigment layer. 
II. Layer of rods and cones. 

III. Membrana limitans externa. 

IV. Granular or nuclear layer. 
V. Outer reticular layer. 

VI. Outer ganglionic layer. 
VII. Inner reticular layer. 
VIII. Inner ganglionic layer. 
IX. Optic nerve fibre layer. 

Fig. 2. Imier Oanglionic Cell (i.e., from the VIII. layer of Kallius) from the Eetina of 
the Ox ( X 120). — The chief process is coiled on itself at a, Golgi's method. (Kallius.) 

Fig. 3. Parareticular Cells from the Retina of the Ox (xl20). — Golgi's method. 
(Kallius.) 

Fig. 4. Bipolar Cells, Lateral and Surface View (x200). — Golgi's method. 
(Kallius.) 

Fig. 5. Section of the Retina of the Ox ( x 100). — On the left-hand side four 2)ara- 
reticular cells are shown, on the right five bipolar cells. Golgi's method. (Kallius.) 
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6. THE EAR-OOOHLEA AND ORGAN OF OORTI. 

Fig. 1. Cross-section of the Cochlea of the Porpoise (xl2). — The darkly -etained 
ners'e fibres of the cochlear division of the auditory nerve lie in the centre, and to the 
right and left of it the canal of the cochlea is cut across eight times as it winds round 
the modiolus. Osmic acid, hsematoxylin, eosin. (Sobotta.) 

Fig. 2. Part of the Canalis Cochleae from the same Preparation ( x 240). — The basilar 
membrane and organ of Corti are shown, and part of the membrane of Eeissner. The 
basilar membrane extends from the lamina spiralis to the side of the cochlea, and the 
following structures rest upon it : 

The organ of Corti. 

a. Cells ofDeiters, or supporting cells, between the bases of the outer hair cells. 

/>, The auditory or hair cells. 

Cy Hensen's supporting cells. 

(I, Cells of Clatidiiis, filling up the space near the outer wall of the canalis 
cochleae. 

A layer of nei've fibres is seen passing under the lamina spiralis. 

s, Section of a nerve fibre running in a spiral course ; nerve fibres are seen 
crossing the tunnel of Corti to reach the outer hair cells. 

2t, The lining membrane of the scala tympani. 

The membrana tectoria, or membrane of Corti, extends from the lamina spiralis over 
the organ of Corti. Osmic acid, haematoxylin, eosin. (Sobotta.) 

Fig. 3. Section of the Human Cochlea (x8). — The section was made to one side of 
the modiolus, so that the upper windings are cut through longitudinally, and not 
separated on the two sides as in the case of the lower coil, which is cut twice in trans- 
verse section. 

The lamina sjnralis ossea is cut across radially in the lower section, and, with the 
membrana basilaris, is seen to divide the bony cochlea into two, the lower half being 
the scala tympani. 

The upper half is again divided by the membrane of licissner, which separates the 
membranous canalis cochlear from the scalu vestihdi above. 

In the middle coil the section has caught the lamina spiralis ossea tangentially. 
(Merkel.) 
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Fio. 4. Canalia Coohlea from the Lait Fignre isolated and more highly magnified 
(40). — The portion repreeented is the lowest Beetion on the left-hand side. 

The general arrangement ie ae described in Fig. 2 ; the organ of Cortt is aeen 
resting on the boBJIar membrane ; the latter ie connected to the external wall of the 
bony cochlea by the Utjanientam epirale, composed of connective tiBsue, while at its 
internal end it is fised to the lamina spiralie oseea. The roof of the canal is formed 
by Beissner'e membrane. (Merkel.) 

Fia. 5. Diagram of the Organ of Corti conitmoted fivm Figi. 3 and 4 ( x 100). — The 
tunnel of Corti is shown, with one hair cell on its inner side and a series on the outer 
side. The membrana tectoria is not in direct apposition to the hair cells, as it is said to 
be in the normal condition. 

Fio. 6. The Tunnel of Corti of the Laat Figure more highly magnified. — The inner 
rod is seen to be in shape something like a human uhia, and is prolonged into a thin 
membrane — the meniWana reticularis ; the outer rod is in shape like a swan's bead and 
neck ; together they form a triangular tunneUshaped space — the tunnel of Corti, 

At the bottom of the rods, resting upon the basilar membrane within the tunnel of 
Corti, are two cells, from which the rods have been formed. 

The nerve fibres pass obliquely across the tunnel, and probably form ramifications 
around the outer hair cells {aii'litory n-lh). 

Deiter's cells, not represented in this figure, rest on tlie basilar membrane and 
support the hair cells (c/. Plate C 7, Fig. 7). 

The membrana tectoria presents a striated appearance, and on its under surface are 
spiral grooves ; at its free border is a small enlargement, in which in all the specimens 
I have examined I find a highly refractive spiral fibre. I note this in order to direct 
further observation to it. 

Fic. 7. CrosB-aection of the Baiilar Hembrane and Corti's Organ in the Bat ( x 135). 
— The entrance of the nerve fibres and their passage to Corti's organ is distinct ; the 
references are as in Fig. 2. (Merkel.) 



G 7. THE EAR-SEMIGiaCULAR CANALS; AMPULLA. AUDITORY CELLS. 

Fio. 1. Section throagh the Kembianoiis Labyrintli (xW). — The tUrld<'. (with its 
macula), the ampnUa of one of the Bemicircular canals (with its projecting yrigta acius- 
tica) opening into it, and the i.aiial nf ihv rockha on its way to open into the eacctilr, 
are shown. Above is the cavity of the tympanum, and just below it the auditory nerve 
in transverse section. (Merkel.) 

FiQ. •!. Section through an Ampulla from the Sheep ( x 57).— Ou the left is the crista 
acu-gtiea, with the thick connective tissue beneath it in which the nerve Hbres with 
their double contour are seen ; they lose their medulla a short distance before passuig 
to the hair cells. 

a. Epithelium without hair cells. Osniic acid. (Merkel.) 

i'las. 3, 4, r>. Venro-epithelial Btractnres of the Ampnllie. 

Fig. 3. Epithelium of the Crista in Position (xSSOj. — From the left two nerve 
fibres pass to it, having just lost their medullary sheath. The cilia, or hairs of the 
hair cells, project through a distinct cuticle, or membrane. 

FtQ. 4. Two Hair Cells ( x 460), with the tuft-like auditory hau's, and the supporting 
cells lying beneath them. These supiwrting cells— the /tec ccUa of lii'tyms — are 
nucleated, rest on the basement membrane, and extend to the cuticle. 

Fia. 5. Hair Cell and Fibre Cell somewhat diagrammatically represented. — The 
auditory hairs, or cilia, lie in the gelatinous oloUtli mcniliranc, in which small calcareous 
particles — the oti>Ullis—&ve embedded. The latter are small crystalliue bodies, con- 
sisting chiefly of calcium carbonate. 

The nucleus of the auditory or hair cell is oval (round in man) ; the cell itself is 
peai'-shaped. On the end bearing the cilia is a thicker part or border, which comets 
into contact with a similar process from the supporting or fibre cell. 

The supporting cell is represented red ; its nucleus lies near the basement 

L membrane. The nerve fibres, sho\vn in violet, are derived Ei'om the axis cylinder of a 
nerve fibre which has just lost its medullary sheath ; these nerve fibrils ramify around 
the hair cells and give off processes both around them and directly to them. 
¥ia. 6. The Epithelium from the Part marked a in Fig. 2 ( x 280).— The cells 
gradually diminish in height till they become quite flat, these flat cells lining the 
rest of the canal. Osmic acid. (Merkel.) 
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Fig. 7. Auditory or Hair Cells. — a, Auditory cell from the utricle, with a rounded 
nucleus ; the thickened border described above is seen, and the hairs are arranged in a 
cone. A nerve fibre spreads out beneath the lower part of the cell to form a broad 
expansion, while another fibre is applied to the side of the cell. 

b, Auditory cell from the organ of Corti, resting on what is by some histologists 
regarded as a bifurcated cell. 

c. Auditory or hair cell from the organ of Corti ; a nerve fibre is seen to pass 
diiectly to the cell ; lying beside it are two supporting cells, over which nerve fibres 
(stained darkly) are seen to pass. 

dy An auditory cell from the organ of Corti, after Hensen and Betzius. 

I., The cuticularized end process, which joins the end process of the Deiters' 

cell, e. 
II., The striated corpuscle of Hensen. 
III., Lower granular part of the cell protoplasm. 
e, Deiters' supporting cell, with a central spiral fibre. 

L, End process. 
Fig. 8. Nerve Cells from the Spiral Ganglion of the Sat ( x 200).— The nerve fibres 
enter the ganglion from below ; on the right they pass off from the ganglion to the 
organ of Corti. The spiral ganglion is situated at the base of the lamina spiralis ossea. 
Osmic acid. (Merkel.) 

Fig. 9. Nerve Cells from the Human Spiral Ganglion ( x 600). — The cells are enclosed 
by connectivo-tisbue capsules ; a few nerve fibres, a capillary vessel, and a number of 
titellate connective-tissue cells, are also shown. 
a, A nerve cell, bipolar, without a capsule. 
h, A nerve cell from the rat with a capsule ( x 1500). Osmic acid. (Merkel.) 
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D 1. THE NERVOUS SYSTEM-NERVE CELLS AND NERVE FIBRES. 

Fici. 1. Nerve Fibres after Treatment with Various Reagents. 

(a) A Small Nerve Bundle of Three Fibres in Longitudinal View 1x350),— The 
constituent fibrew are indented nt the sidew, but not in any regular lunnner (<■/. c). 
These indentations, or varieosities, are peculiarities of the white sheath (myelin), which 
appears bluish-black after treatment with oamic acid. This irhiU' "r vti-iMlarti nhrath 
encloses the axia ci/Uiider, which is here stained red. 

Each fibre is surrounded by a spinal nucleated aheath (ilic iiin-lmlf/l slu'ath <•/ 
Srhirann), which also accompanies it after it leaves the nerve bundle, and is commonly 
known as the nnirilrmmn. 

The medullary or white sheath is applied to each fibre a short distance from the 
nerve cell from which it is derived, and extends to within a short distance from its 
pnding on a muscle fibre, or in a Kensory end-organ ; it eonsists of a fatty material, 
myelin, and presents at inteiTals interruptions, first described by Schwann, but shown 
to he constant by Eanvier, and hence known as nodes o/Haniier. 

At these nodes the neurilemma and axis cylinder are in contact, so that re- 
agents can more readily reach the latter, whose structure is in these situations nioro 
easily studied. 

The fibres of a nerve bundle are collectively enclosed by a connective-tissue sheath 
outside the neurilemma, called Heuh-'n shealli, which is also prolonged over the 
individual fibres. Its tree surface possesses an epithelial investment. 

In the brain and spinal cord we find, in place of the neurilemma, the nerve 
cement, or neuroglia {cf. Plate D 14). 

(/i) CrMS-ieetion of a Similar Small Nerve Bundle {x360). — The medullary sheath 
surrounds each axis cylinder as a distinct dark ring ; the whole bundle is surrounded 
by Henle's sheath, 

(<■) Part of a Nerve Fibre with a Node of Ranvier ( x flOO).— Owing to the action of 
reagents, the medullary sheath has separated from the axis cylinder, which is some- 
what shrivelled ; the neurilemma is seen externally as a delicate membrane. The 
axis cylinder has a fibrillated structure, and shows at the node at a a swelling, probably 
produced by the reagents used. 
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(d) Von-mediillatad Filiret ( x 600), each with a sheath, the nuclei of which are very 
distinct. 

{e) A Mednllatad Venre Fibre, after the action of Miiller's fluid and absolnte alcohol 
and staining with carmine ( x 600). 

The axis cylinder, much shrunken, presents a longitudinal fibrillation (a speeial 
neurokeratin sheath to the axis cylinder, the axUemnia, is described by Killme). l%e 
medullary sheath is divided into medullary segments by incisures of LtmUrmam^ — 
by some observers regarded as normal, by others as artificial products (ef. Plates 
D 7 and D 18). In nerves examined in the fresh state they are not to be seen. 

To briefly summarize the structure of a medullated nerve fibre : 

1. The axis eylinder, consisting of longitudinal fibrilUB, enclosed in a nenrdkeralin ^eslli, 
the azilemma. 

2. The white substance, or medullary sheath. 

8. The nucleated sheath of Schwann, or neurilemma. 
4. Henle*s connective-tissue sheath. 

The last two are not found in the white fibres of the central nervous systena. 
(a), {h), Flemming's solution, acid carmine ; (c), (cQ, («), Miiller's fluid, absolute Bleohol, 
acid carmine. 

Fig. 2. OroMHMotion of Verve Fibres firem the Spinal Cord ( x 6(M>).— Each fibre 
presents externally a ring of compact, deeply-stained white substance ; within this a 
clear space, in which there is an appearance of delicate concentric rings, owing to 
light refraction. 

The axis cylinders appear finely granular in cross-section, and have no distinctly 
marked border. Weigert-Pal method. (Sobotta.) 

Fig. 8. Nerve Cell firom the Cerebral Cortex (x250). — ^A precipitate of reduced 
chromate of silver is deposited in the body of the cell and its processes. Golgi's 
method of staining. 

From the upper part of the cell, and also from the angles at the base, pass off 
ramifying protoplasmic processes, or dendrites, the branches ending free and not 
anaBtomosing. From the base of the cell a single axis cylinder process leaves it; 
in its course it gives off lateral branches, the collaterals of Ramon-y-Cajal. The axis 
(jlHnder processes , unlike the dendrites, are often very long, even more than a metre in 
length, and they are more uniform in diameter than the dendrites. 

Fig. 4. Longitudinal Section of a Spinal Oanglion firom a Seven - Months Foetus 
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( X 400). — The nerve cells lie in connective-tissue capsules, s.a rounded cells apparently 
iaolated. At iirat each developing cell, or neuroblast, possesses two distinct 
procesaes, but after a time they unite together (or a little distance, and so a "T-shaped 
jiiHciion is formed, the union always occurring as far as a node of Ranvier. 

One of the smaller cells in the figure posaeases & short process dii'ected towards the 
right. A few nerve fibres are seen passing between the cells, but tiieir structure is not 
yet well marked. Chromic acid, alcohol, ha;matoxylui. 

Fig. 4a. A Nerve Cell without a Capsule, bam the Anterior Horn of the Spinal Cord 
(x400). — The cell is multipolar, and three of its processes lie in the plane of the 
section. Within the cell itself is its nucleus and some yellowish pigment. 

The violet bodies are the nuclei of the m-urotiUa <■«//« supporting the nerve tissues. 
Hematoxylin, eosin. (Ziemke.) 

Fir., 5. — Cells &om the Posterior Horn of the Lumbar Re^on of the Cord of a New-bom 
Child (x400). — a, Nerve cells, h. Neuroglia cells. 

The nerve cells are smaller than those of the anterior horn, and they contain 
large masses of deeply-staining material, which is also continued a little way along the 
nerve-fibre processes. AVhether these masses are artificial products is still a matter 
uf dispute. Methylene blue, Nissl'e method, (.Sobotta.) 

Fig, G. Nerve Cells from the Anterior Horn of the same Preparation ( x 400).^ The 
nerve cells are distinctly larger than those of the posterior horn. 

a, A nerve cell of which only a part is shown : — its large round nucleus and two 
processes. 

a, A cell with six processes ; its nucleus is spherical and contains a darkly- stained 
nucleolus. 

a", A cell uf which only the sui-face ia caught in the section ; it i)resents a peculiar 
striated appearance, owijig to tbe masses of deeply-staining material. 

Fig. 7. A Nerve Cell, or Furkinje's Cell, from the Cerebellar Cortex. — It iroSHesses 
large numbers of ramifying protoplasmic processes, or ili'iiilriUn, which pass upwards 
and spread out widely ; fi'om tbe lower part a single axis cylinder process, with 
collaterals, is given off. 

Fia. 8. Cells IVom the Anterior Horn of the Spinal Cord (x 125).— It affords an 
example of cells with procestses passing off on all sides, though less numerous than 
those in the last specimen. Methylene blue, Nissl'a method. (Sobotta.) 
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Seesum k :3ft tenal Con 3l lac Bondc Kegion from a Seyen- 

Xiosati I»cij « I3\ — Ti^r L-rCzon. r: ":«:rTr-rn xr^y i:i«£ -^^ci:.? nLiner can be readily 
:■:•..-' ■■:". i-'i "-'- -i-"-*^ ^-- ^ — •= -^- — ?.iin'--ri~ ■ tiiT t'ji;:^ maner in the foetal 
• • '■■7^-;i:--i T---.: -Ji^t rtiii::' [l? r"::.-ri--:-: ? v> llxJ" .•• ri :•: zz-z same region (Fig. 3). 

7;- :.Tr"T .- -- i-"- . '•^^ Ljsiz:ri:^i'.-i c j: :!:t i-:i>ri».r '-:rr. of ihe grey matter 
j^i r.-- V'-' ". 3 -i'r I . J -3. • i-'i 4 . -.'ir-Eiiii: 4.:ji. il'j'.crL harmatoxylin. 

7 : '.. -J. TruLsTcne 3«:siia c :aus Sjcsl Put <£ dtt C«rd tf am Adilt ( x 7). — Note 
•Vx. k- V- -»•--•■ !"':r^rii.*-''r :^ -Ttv"^ zi^rtTi. :-:i: :^»r Ti:*:^^*;*: h-.TTL* &re about the same 
-37- A- :':.* i':rr:«:r. izi :>:i" "i^*- -ir'r- • c:ai:.^:ir^ -i:^ ':^c^ ^vifr. Miiller's duid, picro- 

Yir. :;. TraasTKie Scctuui «f tite T&orKexe Part «f At C«cA «f am Adnh ( x 7). — The 

3Tfi:ill h\i/: c: ih-r J^7 =i-k3:rr ijii ih-r rr.ciiinTrj.-r d :h^ Ui^nil horn are to be 

Yif„ I. Tramirene ScctLom of tie Cerricil Part of tk« Cord of mm Admit ^ x 7; . — The 

wuUnt'T hhTTi is Ur.-e. the pisserlor ^EUkll-rr. cu: hx? :& Urcr amoant of the suUtuntia 

f,,h,finn<a of hoUzAo it i^s ap^i. MiLIrr-s duii. pkrvamiine. FreuJenstein.) 

Vui. T/. TramsrencSeetiflmof tlie(>rTi»lBnlar5«»emtof theSpimtlCord.— Muller's 

IImI'I, |M/'ro^ftrrnirift. « Freudenstein 

|. ,rj. r,. TraniTcne Seetiom of tlie Lower Part of the Medalla OUomgatm ( x 7). — The 

„ .(.(inii uliow^ ihti ijpier limit of the deoasiation of rhe pynimids. and the commence- 
I nf III*' miimn'if OT Anpr'i}''/ra"'i'f'd 'I-:- ■'*<.iri .> : the ' *• ni'il arc»uftr rihns can 

'J , I .H. win/lin(! r-'in^l tli^ oa>r part of the ryi-!.:i is. 

11,,. iim.IImmI nf Hl;iininjf h.is dilTTrentiAtvd tiu- oollt-tions of nerve cells ^stained 
J. ,^^„„ ll„. ,„r v«^ lil^n:-*, ^^hich in seetL-n iipp^ar vtllowish-brown. 

\ i„, ..nlM.J.ihliit 'Mljilino.Tii of Kolando m?^'^.:/.' '/.: ■;'•.-<■ z /•■ >^ ri.-r^ is pushed la 

I., itin jMowili riorsahvards of the grey nuclei of the niulrnJn.^ 'jrarilis and 

tOio 

., ..»»,.»! Im IImi Hiilmbintia f^elatinosa is the (/.>''v;i7///,/ r-Mf "/Uu\n/th nerrr. 
,,,, ,1 ,„,,„! „i iilioiii in the middle of the section, and in the grey matter 
,1 ii,,. MM. /.//'I ni'nrifiin o/thr ////;». «//... .s.n'(// nnrc is to he seen. 

,,^ nnilhM. and (rxtonding \Nidely mto the lateral columns, is the 
,mI I»v IIh' interHcction of the p'oy matter hy white, fibres. 
{•'rnudi'iiHlein.) 
I ,, , ••(,,<» i'. tlif some, so that the size iiiul relations of corresponding 
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D 3. NERVE ELEMENTS FROM CORD AND MEDULLA- MEDULLA 
OBLONGATA (continaed). 

Fig. 1. Part of the Anterior Horn of the Spinal Cord of an Adult ( x 200).^Takeii 
from a body one day after deAtli. Nerve cells aud their prooesaea can be seen, aud 
both meduliated fibres and very fine tihrUla-. The staining substance in the cells is 
not arranged as in those from more recent apecimeaa. MiHIer't; Huid, iiicrocarmiiie. 

Fig. 2. From the White Hatter of Surdaoh's Traot, ftom the same Bpeoimen as Fig. 1. 
— The medullated fibres are seen to vary considerably in size, some being large and 
others very small. Each fibre la separated from its neighbours by the nerve con- 
nective tissue (iieiirofjiia), stauied pink, which also forms a delicate alieath for the 
fibres, which do not possess a neurilemma in the central nervous system. 

The medullary sheath is stained greyish, and presents here a peculiar laminated 
appearance (possibly artificial in origin). The axis cylinders, stained red, are some- 
what shrunken, and may lie in the centre of the medullary sheath, or to one side. 

i'lti. y. Three Nerve Cells isolated from tha Spinal Cord of a Five-Months FoDtus 
(prepared shortly after Birtht. — a shows smaH collections of deeply stained mutorlal at 
the outer part of the cell, and in some parts the protoplasm itself presents a laminated 
appearance. 

h, A cell with three processes in the field of vision, and a few masses of deeply- 
stained material, eh; arranged in the outer part. 

c, A nerve cell, with the neuroglia supporting it ; it presents only two processes 
in tlie plane of the section. ^ per cent, chromic acid, graduated alcohols (10 per cent, 
to absolute), stained weak hiematoxylin. 

Fig. 1. Part of the Posterior Horn from a very Thin Transverse Section of the asme 
Preparation as Fig. 3. — The nerve cells are shown siipi>orted by neuroglia, and show 
masseM of deeply-staining material in tlie outer part of the cell {cf. Plate D 1, Pigs. 
5, (J, and 8, and Plate 1) (i. Figs. 1 and -i). 

Fig. 5. Cross-section of the Uedalla Oblongata of an Adult, just above the Opening 
out of the Central Canal into the Fourth Ventricle ( x 7).— The central canal has gradually 
shifted dorsalwards, carrying with it the substantia gelalinosa centralis, and the 
nuclei of origin of the cranial nerves, and now that the central canal has opened out 
into the fourth ventricle, or juxna rh<imhiiidea, these nuclei come to lie in its floor. 
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Tho nttrh'iiH ffmriliH and nuckm auieatus are still present, bat are mach smaller 
than ill Plato I) *2, Fig. i), while the white fibres of the inferior cerebellar peduncle, or 
rcsti/orm hotly ^ are much more numerous; below this, the substantia gelatinasa of 
Kolandoy with the ascnuUtuj root of the fifth nervvy are distinctly visible. 

In addition to tho cranial nerve nuclei, of which the twelfth and the tenth are 
visible, the latter being above and external to the former, there are certain fresh areas 
of grey matter as follows : 

1. The OUrary Nncleus. — Just above the pyramid, two small areas of grey matter 
are seen ; these are the commencement or lower end of the olivary nuclei, the inner 
one being the accessoi'y <dive, the outer the olivary nucleus itself, which becomes much 
larger as it is traced upwards (rf Plate D 5, Fig. 1). 

*2. The External Arcuate Nuclei. — Near the surface of the medulla, just external 
to the pyramids, are two small collections of grey matter, in connection with the 
ttxtornal arcuate fibres as they pass from the gracile and cuneate nuclei round the 
iiuuliiUa, and up the anterior median fissure to join the fillet. 

'Y\\K\ main longitudinal tracts of white matter seen in the section are : 
i. Tho rcHtiform body above, 
ii. Tho pyramids below. 

iii. Tho. ////*•/ just above the pyramids. 

Tlui rt^maiiulcr of the section is for the most part made up by the fonnatio 

Al tliK uppiM" purl i>f ilu» supplementary leaf, two diagrammatic cross-sections of the spinal cord are 
^iMii, that uii the h<fi from the cervical enlargement, that on the right from the lower thoracic region. 

Till' unangement of the grey and white matter is shown, and its division into functional tracts is 
inilh-aU (I Ity ditl'ereiit hliadings. 
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D 4. MEDULLA OBLONOATA (continued). 

Fig. 1. TranflYene Section of Medulla Oblongata (x 9). —From about the same 
position as that of Plate D "1, Fig. G. 

The Weigert- Pal method of staiuing enables the course and relations of the bundles 
of white fibres to be more readily made out than in the latter specimen, which was 
stained wiifti picrocarmine. 

The grey matter in this specimen is counterstained by magenta, and includes : 
The nucleus (fracilis. 
The nucleus cuneatus. 
The central yrey matter^ with the nuclei of origin of the vago-accessory and of 

the hypoglossal nerves. 
The lower part of the oUranf uudiua. 
The substantia tjelatinona of Uolando. 

Format 10 reticularis y with the nuckus latrralia in its outer part, near the surface 
of the medulla. 
The white fibres run both longitudinally (/.c, at right angles to the plane of the 
section) and transversely (directly in the plane of the section), and are stained a dark 
purple. 

The chief longitudinal bundles are : 

The funiculus (jracilis — prolongation of Goll's column. 

The funiculus cuneatus — prolongation of liurdach's column. 

The ascendintj or sensory ront of the lifth (just external to the substantia 

gelatinosa of Kolando). 
The pyramids. 
The fibres running in the plane of the section are : 

The internal arcuate fibres, passing round the central grey matter to the supra- 

pyramidal or sensory decussation , 

A thin layer of external arcuate fibres, passing outside the pyramids and along 

the anterior fissure to the sensory decussation. Weigert-Pal method. 

(Sobotta.) 

Fio. 2. Transverse Section of the Medulla Oblongata just above the Cord ( x 9). — The 

commencement or lower level of the decussation of the pyramids is well seen. A large 



bandle of white fibree passes Irom the anterior colamn of the right side of the medulla 
to the lateral column of the left (right of the figure), almost separating the anterior 
horn from the body of the grey matter. 

The decussating bandies pass alternately, so that only a few fibrea are seen 
passing to the right. 

The posterior homa of grey matter are smaU, and pushed ventralwards by the 
large development of the posterior columns, which are here divided into the faniculut 
graeUU and ihejuniadtu euneatut; in the former the grey nucleos is just beginning to 
appear, and this enlarges ia ascending throng the medulla, while the white fibres get 
lew {t^. Fig. 1, tupra). 

The substantia gelatinosa of Bolando at the apex of the posterior horn is well 
developed. Weigert-Pal method. (Sobotta.) 

Fio. 8. Tha Oentral Canal tnm Eig. 1, with the Burroiittdiiig Babrtsutia OelatinoM 
Oantttlii (xl8A).— The epithelium of the central canal is well shown, and around it, 
either scattered or collected into little groups, are the nuclei of the neuroglia. 

The tubatantia gelatinota centralis is free from nerve fibres ; but just below it, in 
the lower half of the figure, fine mednllated fibres appear (stained bkck). Weigert>Fal 
method. (Sobotta.) 

NoTK. — In the ontliiie sketoh of Fig. 1, Radite de»e. ttigemini shonld be Badix tueend. Irigemini, 
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D 5. BfEDULLA OBLONOATA (continued). OOKMENOEMENT OF PONS 

VAROLH. 

Fio. 1. Transverse Section of the Medolli Oblongata just above the Commencement of 
th3 Fossa Bhomboidalis ( x 6*5). — The relations of the various structures show consider- 
able differences from the specimen shown in Plate D 4, Fig. 1, owing to the opening 
out of the central canal to form the fourth rvntrivle^ and to the nuclei of origin of the 
cranial nerves forcing the nuclei gracilis and cuneatus laterally, and also to the 
development of fresh nuclei of grey matter, such as the olive. 

The chief collections of grey matter seen are : 

The nucleus (fracilh^ and the itiicleus cuneatus — much smaller than in the previous 
specimens. 

The grey matter in the floor of the fourth ventricle, forming a projection, the/«n?- 
culuB teres, in which are : 

The hyjHHflossal nucleus, placed close to the mid- line, but separated from it 

by the nucleus of the funiculus teres. 
The nucleus of the vaffus and glosso-pharyngeal, lying external to the hypo- 
glossal. 
Lying just beneath this nucleus is a longitudinal bundle of white fibres, the 
fasciculus solitarius, which forms an ascending root for the combined nucleus (vagus 
and glosso-pharyngeal), like that of the fifth nerve seen in Plate D 4, Fig. 1. 

The olivary nucleus, or corpus dentatum of the olive. 

This consists of a wavy line of grey matter closed towards the surface — open 
towards the mid-line — fonning the hilum, at which a large number of fibres leave, 
forming the peduncle of the olive, and diverge towards the raphe, a few turning round 
the nucleus itself and forming a capsule {siliqua olivce). 

From its upper surface, internal arcuate fibres pass upwards to join the restiform 
body, and must be distinguished from the internal arcuate fibres which pass from the 
gracile and cuneate nuclei to form the fillet. 

There are generally also two arccnsory (dives — one dorsal, the other to the inner 
side of the main nucleus. 

The most important collections of white fibres seen are : 

The pyramids. 

iLhejihrrs (f the hypiH/losaal, passing between the olive and the accessory olive. 

The^fihres of the vayuH, between the olive and the restiform body. 

The fasciculus solitarius, referred to above. 

The arcuate Jibres, internal and external, the latter being well marked around 

the external surface of the olivary nucleus. 
The restiform hody, passing to the cerebellum. 



( 64 ) 

The remainder of the section is composed chiefly of formatio reticularis, which in 
this situation consists of two parts — a lateral forinatio retkularift grisea, containing 
nerve cells ; a central /o?-mafio reticularis alha, from which nerve cells are for the most 
part absent. The longitudinal fibres of this latter portion in the upper part form the 
posterior louf/ifudinal hundley in the lower part the longitudinal fibres of the fillet. 
Weigert-Pal method. (Sobottti.) 

Fig. 2. The Left Half of a Section of the Upper Part of the Medulla Oblongata ( x 5). 
— The combined vagus and glosso-pharyngeal nucleus is seen, and the fibres of the two 
nerves pass directly out just below the restiform body ; immediately below the main 
nucleus is the ukcIcus amhigiiusy which gives ofif fibres to the vagus root, and is there- 
fore an ai'cessory vagns nncleus ; while just above the main nucleus is the fasciculus 
solitarius, which is now in close relation with it. 

Above and to the outer side of the combined vago-glosso-pharjmgeal nucleus is a 
large area of nerve cells, the dorsal auditory nucleus {gang, acustic. dors.), above which 
the transversely-running stri/c acusticce pass in their course to the cerebellum. The 
main or cochlear division of the auditory nerve (nerr. cochlece) passes from the dorsal 
auditory nucleus above the restiform body, round which it winds, and another 
collection of nerve cells occurs in it, the ventral auditory nucleus (gang. a<^ustic<e 
ventr.) ; some of the fibres of the auditory nerve leave the medulla ventrally to the 
restiform body, but they are not caught in this section. 

The remaining parts of the section are closely similar to the corresponding parts 
in Fig. 1, the nucleus of the fasciculus teres and the posterior longitudinal bundle 
being especially well marked. Weigert-Pal method. (Sobotta.) 

Fio. 8. The Eight Half of a Cross-section of the Medulla near the Commencement of 
the Pons (x 3*5). — To show the relations of the restiform body. 

The restiform body forms the inferior peduncle of the cerebellum ; the white fibres 
of which it is composed are seen passing upwards to the cerebellum. 

The internal arched fibres from the upper surface of the olive {jihr(e olinr- 
rvrehcUi) arc seen winding round the ascending root of the fifth nerve (radi.i- sr)iii. 
trigem.) to join the restiform body. The remahiing structures of the section are similar 
to the corresponding ones in Fig. 2. Weigert-Pal method. (Sobotta.) 



D 6. SPINAL CORD AND MEDULLA OBLONGATA OF THE CHILD AT BIRTH. 

Fio. 1. Croas^ection of the Lumbar Part of the Cord of a Newly-born Child (x20). — 
The large size of the yrey matter, t^Biiecially of thti poatevior horns, iu relation to the 
white matter, which ia small in quantity in this region, is noticeable- The large 
deeply-stained nerve cella of the anterior horn are arrangotl in three distmct groups. 
Methylene blue. Nisei's method. (Sobotta.) 

Fio. 2. Part of the same Section more highly magnified (50). — The cells in the 
lower part of the section are motor in function, those in the upper part sensory. The 
latter are smaller, and their processes less distinct. Methylene blue, after Nissl. 
(Sobotta.) 

Fig. 3. Croja-section of the Medulla Oblongata of the New-born Child at the Com- 
mencement of the Decussation of the Pyramids ( x 6).— The medullated libres are stained 
vioiet ; the grey matter and tbusci triiuts of nerve fibres which have not yet acquired 
their medullary sheath are red. 

The grey matter is vt-ry similar to that oE the fully-developed medulla, and some 
medullated fibres are seen crossing from the pyramids to the lateral column, which ia, 
however, red, as the pyramidal tract has not yet assumed its medullary sheath. All 
the other tracts are myelinated. (The pyramidal fibres are the last to become 
medullated.) 

K H S, Lateral cerebellar tract. 

V S G B, Anterior column ground bundle. Mullcr'a fluid, stained Weigert-Pal 
method, counterstamed carmine. (Sobotta.) 

Fio. 4. Cross-section of the Uednlla at the Commenoement of the Olive { x 6). — The 
grey matter o! the olive ia well developed, but only a few of the fibres belonging to it 
are medullated. The pyramids and a few of tlie fibres crossing at the raphe are also 
stained — that is, have acquired their medullary sheath. Preparation as (or Fig. 3, 

F[ii. 5. Cross-section of the Hednlla just above the Opening out of the Central Canal 
into the Fonrth Ventricle (x6).~The pyramids, the olives, and the rostitorm bodies 
are distinctly visible, the olive possessing already its peduncle and its internal arched 
fibres directed towards the restiform body. A few fibres of the hypoglossal nerve root 
can be seen passing downwards towards the inner side of the olive from the grey 
matter in the floor of the triangular space, the fourth ventrirli' ; and to the outer side 
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of the olive, a few fibres of the vagus and glosso-pharyngeal passing jnst below the 
restifonn body. Preparation as for Fig. 8. 

Fio. 6. Crosi-seotion of the Medulla of the Child at tiie Level of tiie Origin of the 
Cochlear Division of the Auditory Verve ( x 6).— The restifonn body {peduncubis cerebelU) 
is seen to be partly medullated. To its inner side lies the dorsal nucleus of the 
auditory nerve — ^YIII. (cf. Plate D 5, Fig. 2) ; the dorsal root, or cochlear division 
of the nerve, passes above the restiform body, and has not yet acquired its medullaxy 
sheath ; a few medullated fibres are seen passing beneath the restifonn body ; they 
belong probably to the vagus, or glosso-pharyngeal. 

The vestibular or ventral root of the auditory nerve is not shown. Preparation 
as in Fig. 8. 

Note.-— AU the above speoimens are obtained from the nervous syBtem of the child at Since 

80 many of the fibres have not yet acquired their medullary sheath, ^e appearances presented by these 
sections differ considerably from the corresponding sections in the adult. 

Nerve cells are present in large numbers, as Figs. 1 and 2 demonstrate ; as a result of this and the 
lack of white fibres, the nuclei of grey matter appear much lai^^er in proportion than in the adult, as is 
readily seen in the case of the olivary nucleus in Figs. 4, 5, an^d 6. 

The situation of Fig. 8 is between the sections Figs. 1 and % Plate D 4, while Fig. 5 oorxesponds 
to that of Fig. 1, Plate D 5. 
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D 8. PONS VAROLII AND FOURTH VENTRICLE. 

I'l'i. 1. Crojs-aection (somewhat oblique) throngb the Upper End of the Medulla 
Oblongata (on the left) and the Commencement of the Pons (on the right) (x4). — The 

more iiiiportunt structures to be observed on the left side of the figure (ire : 
Collectious of grey matter ; 

1. The posterior end of the nucleus of the sixth nrrrr {mid. aldiic), jiiat external to 
the posterior longitudinal bundle {fasc. hnji, ilors.). 

2. Two of the luirlei of the avUitory nerve — one just external to the sixth nucleus, 
the continuation of the lateral nticlma ; the other in the auditory root itself, the 
re.ntral mieUit*. 

3. Two indistinct collections of grey matter, below and external to the sixth 
nucleus and just above the trapezium, the upper heiiig the nurh'tm of the facial (seventh) 
nerve, the lower the commencement of the guperinr <illve. 

4. The iiUi-arij nurh'tm (oliva) is just caught at its extreme upper limit. 
The chief collections of white fibres are ; 

1. The fibres o£ the restiform hotly, ascending up to the cerebellum round the outer 
boundary of the fourth venti-icle {pedunc. eerehell,). 

2. The fibres of the auditory nerir, just beneath it; some of the upper fibres 
appear to go to the reBtiform body itself. 

3. Below this, the aJtreniliii;/ nint of Ike fifh nerve is still visible as a small compact 
bundle in transverae section. 

4. The fibres of i\i6irapr:iii}ii (rorp. trapezoid), winding round the superior olivary 
nucleus. 

5. Just Iwneath the floor of the fourth ventricle, to the inner side of the nucleus 
of the sixth nerre, is a, small longitudinal bundle of white fibres (uerruB farialin in the 
figure), composed of fibres from the facial nucleus, running longitudinally ; they then 
bend round and run in the plane of the section, wnuUng round the nucleus of the 
sixth, at first dorsal to it, then lateral, as shown in the figure. 

li. The fillet il<'miii»ciiK) and the pyramid are both well defined. 

On the right side of the section the grey matter is arranged iji a very similar 
manner, except that the olive itself has ended, and the superior olive is more 
developed. 

The chief difference from the opposite side consists in the large numbers of trans- 
versely arranged fibres coming from the cerebellum and passing over the surface of 
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tli6 moilallii, oiicloHiiiK tlin pynmiid ; lliGSO are tlio Knpi-vfivial immtrrmi' Jlhrcn nfihepons ; 
11 few am soon to cross the auditory nerve root to Piitor deeply (is deep trannrfi-nr fihrf>i. 
"Woit^nrt-l'iil, couiiterstniiKMl liiii^eiitft. (Holiotta.) 

Fk;. '2. Section of the Pobi at about the Widest Part of the Fourth Ventricle ( x 4). — 
Tlio •ii'iicrnl luruiiKOiin'iitof the striiclnrcK is similnr to that of the rif:;ht half of Fig. 1. 
The chiuf iioiiitii lo he iKilieed arc : 

Tlio imclcu!) of tho sixth itcrvo (imvL n. ahdiu:.) appears a little Btnaller, and the 
filni'S of Iho root of tho norvo itself are seen paseing downwards near the fillet internal 
to the superior olive ami tho facial fihies. 

Tim lalrnil nnclciis of the oiyhth ncrvo ia still to he seen outside the fibres ot the 
facial root. 

■ Tho superior olive is now well developed {ulica dors.). 

Consideralile changes have occurred in the arrangement of the fibres. The 
pyramid no longer forms a compact huiidlo on the surface ; it is now separated from 
tho surfacr hy ii lliiik layer of fibres passing from the middle peduncle of the cere- 
helhim im one side to that on the other, the Kujvr/icidl Iraitsnrsi- jihrcs <•!' the j».mx 

The ]>yriiniids ilu'iiiselves also show indications of being separated into smaller 
liundles, mid are seinirated from ihe lillet, wliich now occupies a somewhat more 
doriial position, by the deep tninsvcrse lilires of the pons {lihi;, pr-'/'iiid. iriir. Int.). 
'I'liese transverse libres, suiH''rficiLil and deep, are llie lOiaracteristic feature ot the pons. 

yUiM of the libres of the re.-itiform body have passed upwards to tho cerebellum. 
The libi-os of Ihe facial root are distinctly s<en winding round the mtelous of the sixth 
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D 9. PONS AND CORPORA QUADRIGEMINA. 

Fig. 1. CroBB-BCction of the Pons and Posterior Corpora ttuadiigcmina (x3). — The 
chief collections of grey matter are : 

i. The nucleus of the posterior corpus quadrigeviinum, with a thin covering of 
white fibres. 

ii. The nucleus of the fourth nerve {nucL nerv. trocliL), lying below the floor of 
the aqueduct of Sylvius. 

iii. The central grey matter of the aqueduct. 

The arrangement of the white fibres differs considerably from that in the lower 
part of the pons and the medulla. 

From above downwards we find : 

i. Some transverse fibres over the central grey matter — the posterior commissure, 

ii. A small bundle of fibres (longitudinal), lying beside the central grey matter 
— the descending root of the fifth nerve {radix descend, trigem), 

iii. The posterior longitudinal bundle {fasc. long, dors,), just below the nucleus of 
the fourth nerve. 

iv. A layer of white fibres, both transverse and longitudinal, extending nearly 
down to the level of the transverse fibres of the pons, constituting the tegmental 
system of fibres, or tegmentum. It is practically a continuation upwards of the for- 
matio reticularis of the medulla, but also contains fibres from the superior peduncle of 
the cerebellum {decussatio brack, conjunct). 

V. Beneath this 'is the Jillet, which forms a narrow curved band of longitudinal 
fibres, divided into two portions — the mesial or median fillet {lemniscus medialis), and 
the lateral fillet (lemniscus lateralis). 

Below the fillet is the ventral, or pyramidal, part of the pons. The pyramidal 
fibres are now separated into small bundles — the pyramidal bundles of the pons—hy the 
transverse fibres. Weigert-Pal, magenta. (Sobotta.) 

Fig. 2. Cross-section of the Mid-brain through the Anterior Corpora Auadrigemina ( x 3*3). 
— The transverse fibres of the pons are no longer present ; the pyramidal fibres are 
collected together into the middle third of the crura cerebri, which have separated from 
one another, leaving a space — the posterior perforated space — between them. 
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The collections of grey matter uhown are : 

i, Tho imclouB o£ the anterior airpiix iiiiadntji-miiiKiii, with thm layers of white 
matter within it. 

ii. The central i/inj mnll-r, with the nucleus of the tliird nerve in its lower part. 

iii. The rvd mu-kns of tlie tegmentum, a large spherical mass of grey matter 
{iiitd. ruler teffmenti), through which tho fibres of the third nerve puss on their way 
from the nucleus to the pofiterior perforated space. 

iv. The siibntaulia u'njra, a large mass of pigmented grey matter, Bcparatiiig the 
iipiier, or tegmental, part of the cms from the lower part, or crusta. 

The tracts of white fibres are : 

i. The anterior cerebellar i)edunclt! (hntch. eimj. ant.). 

ii. The im^tcrior loiiiiUuiliiutl biiii<IU- and t\w jillet, together with libres decussating 
across the raphe, constituting the tegmental system of fibres. 

iii. The Jibres of the root of the third nerve {in'nus (•i-itl'iiin'O-riiiH). 

iv. The longitudinal llliresi of the p'-^, or emuta, tho pyramidal libres occupying 
the middlo third, the fronlal curtit:al lihres being to the iniuT side, the occiiiital cortical 
to the outer side, Weigurt-l'al, magenta. (Suhotta.) 

l'"iti. 'A. Part of the Tela Choroidea Inferior from the Preparation of Plate D 5, Fig. 2 
( X 30). — The branching processi's (ii ' Imsket woi'k ') of pia mater contain bloudvesbeU, 
and are covered by an epithelium, which is a continuatiniL of that lining the utntral 
canal and tho ventricles. Magenta. (Sobofta.) 

Fjo. 4, Part of the same more highly magnified (100).— The epitlieliaf layer i> 
seen in section, enclosing connective tissue and Idoodvcrisels. 

I'li; 5, CroBS>section of the Aqueduct of Sylvias, from Fig. 1 ( x 20). 

ri<.i, t>. Epithelium from the Lining Membrane of the Aqueduct of Sylvias (x400,. 
-In the wall four neuroglia celljs and a i-niiill caiiillary are seen in section, Magenia. 
(bohotta.l 
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D 10. CEREBELLUM. 

Pig. 1. Section of the Upper Partof a Laminaof thoCerBbellnm(x6). — The direction 
of the section in trim averse, ami iit ri^ht angles to the miirgin of the laraina. 

The white aubatancB branches in an arbore3cent manner, and sends in processes 
to the folds of the lamina; outside the white matter is the graiiuh- tai/cr, stained 
deeply owing to the large number of nuclei in it; outside this is the clear molecular 
layrr, enclosed in its turn by the p'la mater, which sends proceBses between the folds. 
Borax carmine. (Tuczek.) 

Fig. 2. Section of Cortex Cerebelli ( x 75). — Piirkinje'g cells are deeply stained ; their 
ramifying dendritic processes are shown spreading out into the molecular layer. 

The nuclei of the cells of the granule layer can be made out, and the white matter 
internal to this layer. Borax carmine. (Tuczek.) 

Fm, ■S. Apex of a Small Lamina treated by the Weigert-Pal Method {x 60).— The 
medullated tibres of the white centre are staiiieil violet, the grauulu layer is yellowish, 
and the molecular layer brown, 

The white matter is seen to be pointed — thiit is to say, it diminishea in quantity 
towards the apex of the fold ; this is due to the tact that fibres are continually Iwing 
given off into the grey matter, as shown in the figure. Some of the fibres branch 
among the small nerve cells of the ijranule layer ; others go to join the eelU nf Piirkiiije, 
of which they form the axis cylinder processes, and a. third set pass into the muleciilar 
lar/er. (Tuczek.) 

Fig. 4. Arrangement of the BloodveBBelB at the Apex of a Fold ( x 40) , — The situation 
is similar to that represented in Fig. 8. 

A dense network is formed by the lateral branches of the main vessel which passes 
up the centre of the lamina, aad capillary loops are formed which surround the cells of 
Purkinje. Carmine injection. (Tuczek.) 

Pio. 5. Cells from the Grannie Layer ( x 200).— The cells in the granule layer are, 
for the most part, small nerve cells, though occasionally larger ones are found. They 
are more or less spherical, and possess several dendritic or protoplasmic processes, 
which branch, but soon end in somewhat claw-like fashion ; the axis-cylinder processes 
of these cells are much longer, and pass outwards into the molecular layer, where they 
each divide into two small fibres which run horizontally ; auch a cell is shown at ( 

10 
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a is a edl in the lower part of the moleeolar layer, a so-called btuket cell, with its 
axis-cylinder process x. These cells generally lie near the cells of Parkinje, and give 
off protoplasmic processes into the molecular layer ; their axis-cylinder processes pass 
hprnontally, and break up into a basket-work of fibrilsi which sorroond the bodies of 
ihe cells of Pnrkinje. Gk>lgi's method. (Tuczek.) 

Fio. 6. Biz CWlls of Puridage at the Bottom of a Tnrrcyw between two Laminn ( x 90). — 
The bodies of the cells are more or less flask-shaped; from their outer surface large 
numbers of dendritic or protoplasmic processes are given off into the molecular layer, 
fdrming a dense networki which is incompletely represented in the figure; these 
processes do not anastomoeci and they lie for the most part in a plane transverse to 
the laminaa^ comparatively few being seen in a section along the lamina. 

Each cell gives off from its base an axis-qrlinder process, which passes into the 
white centre» giving off coUaierak in its course, as shown in the figure. Golgi's method. 
(Tooiek.) 
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D 11. THE OOBTSX OBREBRI. 

Fio. 1. Section of the Ck>rtex Cerebri at Bight Angles to the Surface of a Convolution 
( X SO). — (a) General view of the whole section. 

The minute structure is best studied by considering successive strata or layers. 

I. and U. together form the outer stratum or molecular layer. 

Immediately beneath the surface, which is covered by pia mater, is a thin layer of 
medullated fibres, which runs parallel to the surface, and is well shown in Fig. 4. 

A few small nerve cells and neuroglia cells occur in this layer, to which also some 
of the chief dendritic processes of the pyramidal cells extend. 

in. The layer of small pyramidal cells. This is seen to be of considerable thick- 
ness, and contains large numbers of cells, such as those shown in detail in c and d. 

IV. The layer of large pyramidal cells. The cells are larger in the deeper part of 
this stratum than in the upper part, and smaller cells, gi*anule cells, are seen to lie 
between them. 

V. Layer of polymorphous cells. These cells are more abundant in the sensory type 
of convolution. 

VI. Transition to the white substance ; the layer often contains numl>erfl of 
irregular or fusiform cells, and is hence known as tlie layer of flisiform cells. 

Between the layers II. and III. a few fibres pass parallel to the surface, for the 
most part collaterals from the axis- cylinder processes of the pyramidal cells ; they 
are sometimes referred to as the strice of Gennari, and are best marked in the 
neighbourhood of the calcarine fissure, where they are known as the strice ofVicq iVAzyr. 

Fig. \h. A Large Pyramidal Cell. — Its upper part is prolonged into the chief den- 
dritic process, or dendron, which gives oflf numerous lateral branches ; from the body of 
the cell several smaller lateral dendrites are ^iven off ; from the base of the cell, directed 
towards the white matter, passes the axis-cylinder process {the chief provesn of KaUim). 
This process bends round at right anfi^les into the white matter, to form either an 
association, commissural, or projection fibre ; it ^ives off numerous coUaterah in its 
course, l)oth in the grey and wliite matter. (The complete structure, cell, dendrites, 
axis-cylinder, and collaterals, is sometimes referred to as a neuron, but this term has 
also l)een applied to the axis-cylinder process alone.) 

10—2 
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Plfi. Ic. A Small Pyramidal Cell, with a short chiflf-iifindmu, and a corre3|X)ndingly 
longer axis- cylinder process, which liends round into the white matter. 

Fia. Id. A Small Pyramidal Cell, the a^s-cylinder process of which bends round on 
itself and passes towards the surface. Methylene blue after Nissl. (Tuczek.) 

Fig, 2. Large Pyramidal Cell as it appears in Stained Preparations ( x 600),— Betweeu 
the nucleus and the axis-cylinder process is some pigment, the signiiicance of which ia 
not known. In the outer part of the cell are some masses of deeply- stained materia.! 
like those shown in Plate D 1, Figs. 5 and C. The axis-cylinder process is finer and 
more uniform in calibre than the various dendrites. Around each cell winds a blood 
capillary, a point worthy of notice, since the smaller nerve cells do not stand in so close 
ft relation to the bloodvessels. Methylene blue. (Tuczek.) 

Fia. 3. The Arrangement of the Vessels in a Cerebral Convolntion (xl3). — In the 
white matter the vessels are not numerous, and run for the most part longitudinally ; 
in the grey matter the vessels are more numerous, many entering from the pia mater, 
forming a capillary network ; innumerable small capillary loops surround the nerve 
cells, as described above. Carmine injection. (Tuczek.) 

Fio. 4. Arrangement of the KedoUated Pibrei in a Cerebral Convolution (x6). — 
c. The white substance, consisting of medullated fibres, arranged for the most imrt 
longitudinally, and giving off small bundles of fibres which enter the grey matter and 
extend almost to the surface, getting smaller the nearer they get to the surface, since 
many ol their fibres join the pyramidal cells. Near the margin, the layer of white 
fibres, descrihed above (Fig. 1) as i mining parallel to the surface, is very distinctly 
seen. 

In the middle of the grey matter lie rows of fibres also running parallel to tha 
surface (roll.), and consisting chiefly of collaterals. Pal's method. (Tuczek.) 

Fia, 5. A Large Pyramidal Cell in Sita (x600). — A number of small nerve cells, 
together with neuroglia and tlia nuclei of the capillary walls, are seen around the large 
cell. Nieal's method. (Tuczek.) 
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D 12. CORTEX CEREBRI-RESULTS OF OOLOI'S METHOD. 

A i>eculmnly of the prdpiirations made liy the loptallir rediictinn raethnit nf Golgi 
is that frequently only one kind of cell in n particular Bpecimeii shows the reaction^ 
Bometimes only the neuroglia cells, at otliere only one kintl of nerve cell. 

We have no evidenee that tlie separate nerve cella are directly united together by 
their processeB, or that any anastomosis takes place. 

¥ia. 1. Pyramidal CcUb and Neuroglia (xTO). — Only a few of the numerous 
fibres are shown, some being seen in cross-section, others in longer or shorter segments 
in the plane of the section. The bloodvessels also reduce the silver salts, and are thus 
marked out as dark lines ; they generally have neuroglia cells in close relation to them 
('/. l-'ig. 6). Golgi's method. (Tuczek.) 

Fig. 2. Cells and Fibres from the Layer of Polymorphons Cells ( x 70). — A considerable 
number of nerve cells and a few neuroglia cella are Hliown. The cell indicated by the 
asterisk has its axis-cylinder process bent on itself, and directed upwards towards the 
periphery. Golgi's method. (Tuczek.) 

l-'io. 3. Part of a Section throngh the Oater Part of a Cerebral Convolution ( x 40). — 
The lower part of the section shows the best reduction, and the cells marked out are 
chiefly of the polymorphous and bipolar varieties. Golgi's method. (Tuczek.) 

Fig. 4. The Grey Hatter of a Section through the Pnecentral Convolution ( xSO). — 

Golgi's method. (Sobotta.) 

I, External none with irrsgular precipitutioii, 
II, Molecular la^er; in this situation numerous neurogUn cells ami lilood vessels sre 
visible. 

III. Ls,ver of small pyraiuidal ccll». 

IV. Layer of large pjTamidal cells, 
v. Layer of polymorphous cells, 

Fio. 5. Oeneral Appearance of the Cerebral Cortex after Golgi's Method (x20). — The 

outer surface is directed towards the left. 

I. Molecular layer. 

TI. The layer of small pyramidal cells. i 

III. Striie of Genoari (c/. Plate D 11, Fig. 1). | 

IVi The layer of large pyramidal cells. 

V. The layer of polymorphous cells. 
VI. The white centre. 

A few blnodvessels passing from the surface into the deeper parts are distinguishable 
as dark lines, Golgi's method. (Tuczek.) 

Fm. 6. Three HeurogUa Cells ( x 300). — They are seen to be closely connected with 
the wall of a bloodvessel by connecting processes. Golgi's method. (Tuczek.) 
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D 13. S7MPATHETI0 AND PERIPHERAL NERVOUS SYSTEM-CELLS AMD 

FIBRES. 

Fig. 1. Cross-Bection of the Sciatic Nerve (x7). — Thia presents the typical structure 
of a nerve trunk, conBistiiig of small bundles of nerve tibree separated by & connective- 
tissue sheftth — the pfriueiiriuin, which conveys the bloodvessels, lymphatics, and nen-i 
iifniinim. The sheath of the whole nerve is sometimes referred to as the Kpinfiirium. 
These small bundles are also aiTanged in groups, which are given off from the 
main nerve fi'om time to time, enclosed in their perineural sheath as smaller branches, 
so that in the sciatic nerve we can already distinguish the fibres which go to form the 
peroneal, tibial, and plantar nerves, Picrocarmine. (Tuczek.) 

Fio. 2. Four Kerve Bundles or Funiculi from the Last Specimen (x60). — Two are 
large, a thud is medium-sized, and between them is a very small one, consisting of 
only a few fibreu. 

The medullated fibres appear in section as circles of different sizes, and in the 
centre of each is the axis cylinder as a small darkly-stained point. The individual 
fibres are separated from one another by their own special alieath, the iicurilcmiiia, and 
by a delicate investment of connective tisuue within the perineurium called the 
eiidoiiiiu-itim. These connective- tissue sheaths give the nerve trunk its characteristic 
firmness, and serve to convey the bloodvessela. Picrocarmine. (Tuczek.) 

Fi<i. S. Cross-iection of Several Medullated Fibres (xl200). — The fibres vary con- 
siderably in diameter ; the white substance has a laminated appearance (rf. Figs. 
9 and 10 and Plate D 3, Fig. a). The axis cylinders also vary in size, Picrocarmine. 
(Tuczek.) 

Fig. 4. Section of a Spmal Ganglion (x9).— The medullated nerve fibres jwas 
through the ganglion in bundles arranged longitudinally ; in the lower part large 
numbers of ganglion cells lie between the fibres. The whole ganglion has a capsule of 
dense connective tissue. 

Each ganglion cell is unipolar, i.e., has a single process which joins a nerve fibre 
by a T-shaped junction at a node of Ranvier; or the process may be regarded as 
bifurcating, one part going towards the central nervous system, the other towards the 
periphery. Weigert's method. (Tuczek.) 

Fios. 5 and 6. Ganglion Cells from the Inferior Cervical Ganglion (x260). — Each 
cell has a capsule composed of connective- tissue cells wrapped round it. On the right 
is & cell with two nuclei (not common in man). These ganglion cells give off several 
processes ; one of these passing directly upwards is shown in the figure. The cells 
contain a considerable quantity of pigment granules in their protoplasm. Osmic acid. 
(Tuczek.) 

Fig. 7. The Fibres of a Cutaneous Nerve (x 40).— The small bundle of fibres of 
which the nerve is composed is surrounded by ijerineurium. The fibres are for the 



{ 80 ) 

most part very distinctly marked oat, owing to the blackening of the white substance 
by the osmic acid. 

At a (partly diagrammatic) the fibres are represented with their whole length in 
the plane of the section ; the interruptions in the coarse of the fibres mark the situation 
of Ranvier's nodes. The perineurium contains numerous elastic fibres, and also in 
places a few fat cells. Osmic acid, borax carmine. (Tuczek.) 

Fig. 8. A Herve Fibre from the Last Preparation in Transverse Section ( x 600). — 
Examined with Winkel's system for homogeneous immersion (apochromat. 1*9 mm.). 
In the middle, stained red, is the axis cylinder ; outside this is the white substance, 
presenting a very pronounced laminated appearance ; the whole is enclosed by the 
delicate neurilemma. It is interesting to compare this with the appearance of the 
white sheath in longitudinal section {cf. Figs. 9 and 10). Osmic acid, borax carmine. 
(Tuczek.) 

Fig. 9. A Herve Fibre examined from the Side ( x 600). — The asterisk marks the 
situation of a node of Banvier, at which the white substance is interrupted and the 
neurilemma slightly thickened,*while the axis cylinder passes uninterruptedly through 
the constriction. 

The white substance appears irregular and vesicular as a result of the action of 
reagents. 

a shows the appearance when the microscope is focussed on the axis cylinder ; 
the white substance appears laminated. 

6, focussed on the white substance ; the laminated appearance then appears to be 
the expression of a network. Osmic acid, borax carmine. (Tuczek.) 

Fig. 10a. A Herve Fibre from the same Cutaneous Herve (x 1200). — Prepared by 
MuUer's fluid and stained with carmine. 

The axis cylinder is small and shrunken ; the white substance shows a corrugated 
or varicose structure. 

Fig. lOfc. Herve Fibre from Fig. 7 (x 1200) .—Showing an incisure of Lantermann 
as it appears when examined with a Winkel's apochromatic system as above. 

These appearances are probably the result of the action of the reagents used. 
Osmio acid, borax carmine. (Tuczek.) 
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D 14. NEUROQLIA. 

Fm. 1. Neuri^Ua Celli from the Olivary Nttoleus of Pig. 3 ( x 50). — The cells are 
well marked at the margin of the grey matter of the nucleus, to which their fibrous 
lirocesaes form an investment, while only few cells are marked out in the grey matter 
itself. Golgi's method. (Sobotta.) 

Flu. 2. Some of the Cella more highly magnified (300). — a. Cells from within the 
olive, h, Cells from the outer part. 

Each ceil consistH of a cell body with a nucleus, and libroua processes which 
can be traced right through the substance of the cell ; these processes are here 
collected into sheaves or bundles Golgi's method, (Sobotta.) 

Fiti. 3. CroBS-seotion of the Medulla Oblongata of a Newly-born Child (x8). — This 
specimen shows the general arrangement of the neuroglia cells in the medulla oblongata ; 
they form a supporting tissue which permeates the whole structure and they are most 
thickly distributed in between the two olives. 

This specimen illustrates the fact previously stated, that frequently only one kind 
of cell is brought out by Golgi's method — in this case the neuroglia. (Sobotta.) 

Flu. 4. Sia^am to lllaatrate the Origin and Sevelopment of Neuroglia in the Embryo 
(in the Spinal Cord). — The eells lining the central canal, the apoHijioblasts of His, divide ; 
only the part of the cell directly lining the canal retains its epithelial character ; the 
outer part forms a meshwork, myelonjwniiiiiHi, extending actually to the surface of the 
cord, as shown on the left side of the figure. Later the continuity of some of these 
fibres is broken, and neuroglia cells appear, probably derived by division of the 
spongioblasts, so that an appearance such as that shown on the right side of the figure 
is obtained. 

Fiu. 5. Henn^lia Cells in the White Hatter of a Croi*-seotion of the Spinal Cord of an 
Adult ( X 1000). — The medullated fibres are readily recognisable ; lying between them, 
the stained nuclei of neuroglia cells can be made out, but the processes, so readily 
shown by the metallic method of staining, are not visible. Miiller's Huid, acid carmine. 

Fio. t). AKenroglia Cell from Spinal Cord (xlOOO). — Compared with those of the 
olivary body (Fig. 2), it has longer and thicker processes. Golgi's method. 

Fia. 7. Henroglla Cells aroond a Pyramidal Cell of the Cortex Cerebri ( x 400).— The 
differences between the two kinds of cells are sutticiently striking ; but there are nerve 
cells, c.'j., in the molecular layer of the cerebellum, which may very closely resemble 
neuroglia cells in appearance. 
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1 1. inuKD irowii OT—EAL ovnini : vAfonum sirmr. 

Fia.l. lMwnmlMtlMaf1k*BtMVilffttnmJbiABlMu<xN).— TbsAhrM 

^S^ei^ollecte^l inU) bundles or /atriculi, which are ntiitetl together by the pi'iiniyiiiiitH 
internum, the exU'rtuil invefitment o! the whole muscle Xmag, the pfritaitaiiim frlcrnum, 
or ffiimi/iiium. 

TheRC Hheatfae ar« compoHect of nreobr ticmae, and convey the blood^'essels and 
nerves to the musclo. Thiii connective tisHue also passes between the tndiWdual 
tihres as the •'inUiiiiifnitiiii, hut it does not form n complete sheath to each fibre, as in 
the case of the endoneuriuni of a nerve. Chromic, acid, alcohol, iicid carmine. 

Fid. i. Arrangement of Hatcular Fibre* in tlie Ton^e of tbe same FotuB ( x 200). — 
The loose tissue liL-twceii iho miifculnr f\hrc» is seen tn consist of i-onneelive tissae 
tilires and cells with lar^^e nuclei. 

The muscular fibres are small and nut very numerous, l>u( they sliow distinct 
XtSB-striation. Chromic acid, alcohol, hieraatoxylin. 

I Fto, li. Section of Injected Kuicle from the Tongoe of an Adult ( x 200). — The fibrea 
war more closely packed togethfr in coniparisoii with those of Fig. 2 in the ftetua, 
rtly owing to the fact that the muscle fibres themselves have become four Ui six times 
;er in diameter. 

The vessels are injectod witli red malarial, and are seen to lie in the connectire 
le, and consist of lont; capillaries iirnuiKed between the fibres, joined iiy ehortw 
loops pusing acTOBB them. Alcohol, hfematoxyliii. 

Fio. 4. Fart of a Knscle Fibre from the Last Fraparation ( x 400). — Tfae fibre shows 
the cross- striation distinctly, and indications of longitudinal fibrillation. 

Fio. 5. Bloodrewela of Hntcle injected Bine ( x 60). — Large vessels are seen crossing 
over the fibres, and giving off smaller branches which break up into capillaries running 
longitudinally l)etween them. These are joined by the short transverse, communicating 
branches passing over and under the fibres {rf. Fig. 3). Berlin blue-gelatin injection, 
alcohol. 

Fio. (\. AttMhment of Mnwle Fibres to a Tendinooa Inteneotion in a Seven-Konthi 
F«stat {x250). — The tfiinhii relU are well shown lying in rows between the fibrous 
temhiii bundles, and the muscle fibres are seen to become attached to the latter. 
Chromic acid, alcohol, acid carmine. 

Fto. 7. Fart of the Last Speoimen more highly magnified (6S0). — The asterisk 
indicates the part examined. The tapering end of a muscle fibre joins on to a tendon 
fibre, the sarcolemma l>ecoming continued on to the tendon bundle. The union is also 
assisted by the areolar tissue of the tendon Iwcoming continuous with that between the 
muscle fibres. 
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E 2. NON-STRIATED MUSCLE-HEART MUSCLE-DETAILS OF CROSS- 
STRIATED MUSCLE. 

Fiu. 1. Heart Muicle Cella in Transverae Sectiom x 7001.— These cells are cylindricul 
iu shape, und are placed end to end to form fibres \rf. Figs, i und 5). The nucleus of 
each cell lies in the longitudmal axis, and not peripherally, as in striated muscle. Just 
around the nucleus is a small quantity of finely jp'anular protoplasm, the remainder of 
the cell being made up of the contractile substance. 

Heart muscle fibres iJOsseHS no surcolemmii. I'icrocarmine. iZieuike.j 

Ftu. 2. Cells from the same Freparation—Lon^itudinal Aspect (xZ80). — The celU 
are placed end to end, and joined by iut<iVceUular Mubstance {i-f. Fir, 5) to form fibres, 
which are also united by lateral processes of the cells. 

FiQ. 3. Cros»-aection of Hon-striated Muscle Fibres from the Wall of the Stomach 
( xSOO). — The fibres appear circular or oval in section ; in some the nucleus is caught 
by the section, in others not. The fibres are joined together by intercellular material 
or cement substance, and in some places also by connective tissue. Flemming's 
solution, acid carmine. (Merkel.) 

Fid. 4. Ifon-striated or Plain Uascle Fibres in Longitudinal Section from the Huscular 
Coat of the Stomach ( x 1500i.— The nuuiei are elongated and peculiarly constricted iii 
places, an appearance presented by the nuclei of these cells iii many vertebrates. 

The outlines of the individual cells can only be indistinctly made out, owing to their 
close union with one another, but they can he separated by maceration in 20 per cent. 
nitric acid or 30 per cent, potash solution, which dissolves the intercellular substance. 
Flemming's solution, acid carmine. (Merkel.) 

Flo, 5, Heart MuBCle Cells isolated ( x 600). — The asterisks mark the intercellular 
material uniting the individual cells. The nucleus is oval or rod-shaped. 

The cells show both longitudinal and transverse striation, the latter being less 
marked than that of striated or voluntary muscle. 

The lateral processes are obli(ju8 ; they also show the striations, I'icrocarmine. 
(Ziemke.) 

Fi(i. 6. Two Muscle Fibres isolated from the Intestinal Wall (x750). — The inner 
structural relations are for the most part disturbed by the reagents used tu separate 
the fibres, so that the form of the cell is the chief point demonstrated. Caustic potash, 
i per cent, hydruchloric acid, acid carmine, glycerin. 

Fiu. 7. Details of the Structure of the Striated Muscle of a Young Salamander Tadpole 
I X 600). 

Fio. 7(1. Longitudinal Aspect. — The delicate nairi/l<'iiiiiia is seen enclosing the <■'■«- 
Iriirtib' siihutaiii'- ; immediately beneath it in the nucleus, or imiarlc ror^msde. 

The contractile substance presents alternate light and dark bands, giving the 
appearance of croas-striation. In addition there is a distinct longitudinal fibrillation 
visible ; these iibrilla> are the muscle columns, or narvrntyh's. This appearance is well 
shown by placing the freshly-removed, stilUlivhig muscle iu hut 5 per cent, sublimate 
solution. 



F 1. THE CONNECTIVE TISSUES. CELLS AND FIBRES. 

A TYPICAL connective tissue conaiHta of cells (coiiiurtire-iksii^ atrpiiaclex) and jiiritH 
(white and yellow elastic) embedded in a ground substance, or matrix, which may be 
variouBly moditied. The differeut cormective tissues agree m that they are all derived 
from the mesoblast and have a supporting function, and differ in the relative quantities 
of the above-mentioned elements present, find the changes which they have under- 



Fig. 1. Comeo-sclerotic Junction from the Eye of a Six-Honthg FoetuB (xl20). — 
Large numbers of Bpindle-shaiwd connective-tissue corpuscles are seen in the sclerotic; 
they are arranged irregularly, and prolonged into iine fibrils at both ends. In the 
cornea they are arranged in regular rows, and are known as corneal corpusclvs. The 
fibres in the sclerotic are mainly white fibres, and are densely packed together, running 
in various directions ; in the cornea tliey are arranged in laminie, between which lie 
the rows of corneal corpuscles. Chromic acid, acid carmine. 

Flo. 2. From the Whartonian Jelly of the TTmbilical Cord of a FcetUB at Term.— This 
is an example of Jfll'j-lil>r funiiecthr I'msin', in which the cellular and iibrous elements 
are reduced to a minimum, the chief constituent being the intercellular or ground 
substance. 

Fiii. 2rt. A Small Piece of the Tissne (x700).— Afew small connective-tissue 
corpuscles are seen scattered about in the intercellular substance, which appears 
partly in the form of wavy lijies. 

Fig. 2Ii, More highly magnified (1000), ^A few stellate connective-tissue cells with 
long processes are seen; the ground substance, in hue wavy lines, seems to stand in 
very close relation to the cells and theu" processes. Methylene blue. (Ziemke.) 

Figs. 3 and 4 illustrate the structure of rlnatic tlnxuc, in which the yellow elastic 
variety of fibres are largely developed, the white filjres and connective-tissue corpuscles 
being present in relatively small amount. 

Fia. 3. Longitudinal Section of the Ligamentum Nnchte {x 125).— The longi- 
tudinally arranged unstained elastic fibres are seen to be sepamted by white fibres and 
a few cells (stained red). Carmine. (Freudenstein.) 

Fni. 4. CroBE-aection of Ligamentum NnohEe ( x 260). — The elastic fibres appear in 
section as highly-retractive unstained polygonal areas, separated from one another bv 
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loose areolar ttasoa (staiiied nS), in whieh mn lai;ge and snull msBels (mm mng.). 
Carmiiie. ^reodetutdn.) 

Viat. fi to 8. TaOnr Buda OfertOag*.— OartiUgs may be regarded at oMmective 
timM, in irhldi th« matrix has beeone aUend in mob a my as to be mneb firmer 

than in the simple connective tissues. In this variety at oKiilage the matrix alto 
possesses large numbers of yellow elastic fibres. 

Fio. 5. CellB and Fibres from the Qatar Layers of a Ftee* tf Tdlnr IbMtU OartUlg* 
( X flOO). — The elaetic Bbres are Btained blue ; part of Um oell is Uae, the nodlflU 
deep red. 

Fio. 6. Cells from near the Edge (xSOO).— The hbres in the mi^rix «re atuned 
violet, the ouclei red, the protoplasm of the cells unstained. 

Fio. 7. Cells and Fibres firom the Deeper Layers { X 260). — Tim oetb are roonded l^ 

'^* ir uunlei are utaiiied red, their protoplasm blue. The matrix omitains large 

3f J hbrc immediately around the edls, iriiera it is 



toOtt (xtW). 
m Uoe, and u«Qt7l vlolM. 
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F 2. FIBBO-CARTILAOE. HYALINE CARTILAGE. ELASTIC FIBRES. 

Via, 1, Fibro-oartiloge from an latervertebral Disc ( x 250). — The cella are rounded, 
with deepIy-stEimed nuclei, and lie ui spaces, or lacuntf, aurrouuded by the matrix, 
which ia permeated by bundles of fine white fibres arranged longitudinally, the part 
of the matrix immediately^ surrounding the cell, however, being clear and free 
from fibreB. (Ziemke.) 

Fio. 2. Hyaline Cartilage ( X 100). — Many of the cella have dropped out, leaving 
the spaces, or lacunx', in which they normally lie, empty. Each space iu encloEed by a 
lapniilK — a specialized part of the matrix. The matrix immediately round the eapsule 
is only faintly stained, and is probably the last produced ; outside this the matrix 
stains more deeply, but it la quite clear and free from fibres, and iu the unstained 
condition ia either transparent, or ground-glase-Iike ; hence the name hyaline cartilaijt. 
Methylene blue. (Ziemke.) 

Fio. y. Hyaliae Cartilage (articular variety) from the Head of the Femur of a Child 
(x300)^a, Cells from the Periphery of the Cartilage.— In the upper space lies a spindle- 
shaped cell (rtttt when seen from the surface) i in the lower one five cells have arisen 
by diviaion. These cells and groups of cella lie with their long axie parallel to the 
surface. 

Fig. db. Celi§ aud Matrix from the Inner Part.— The cella, which in the hving con- 
dition completely fill the spaces, huva retracted, so that some of them appear almost 
stellate. The part of the matrix immediately around the celMorms a special capsule 
to the cell ; this is difficult to see, e.xcept in stained specimena. In some of the spacer 
there are two or more cells, derived by division of the original cartilage cell. They 
Bubsei^uently become separated, and each acquii-es a special capsule and becomes 
separated from the others by freshly-formed matrix. The commencement of this 
process is shown in the space above and to the left, where a capsular wall has formotl 
between the two cells. Sublimate, methyl violet. 

Fio. 4. VarioiM Forms of Fibres (chiefly elastic). — a, Strong, thick, yellow elastic 
fibres, anastomosing with one another. (For transverse section, rj'. Plate F 1, Fig. 4.J 

b, c, yimilar fibres isolated ; when cut they curl at the ends. 

(/, Fine, wavy white fibres. (White libres do not branch or anastomose.) 

'', Network of fine elastic fibres. 
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/, 13ie flbnnu ot/kmnA ci ydlow elaitifl filarw in tin grooud HobBtanoe oi the 
eurtihge ol ibe axtenul«ar. Tha esitikge oelU are large and lie in spaow, aroand 
,vhioh tiie Mna eui be dIMnetiy wen. 

//.Fibres and connective-tissue cells from the tunica ulbiiginea testil of the new- 
born child. 

A, Fibrous tissue from the septum penis. 

1, Elastic fibres teased from a bronchus. 

k, Elastic fibres from the adventitia of n large artery from a new-bran ehild. 
a — f, methyl violet ; ./'—/.■, carmhie. . . - 

Fig. 5. Sharpey's Perforating Fibres from a Metacarpal Bent (xUO). — Tbaae 

consiBt of bundles of fibres for the most piirt cuk-ified, which .pass faBnavenely or 

i(|uely through the circumferential or peripheral lamella:', many of them reaching 



k periosteum. 

* le bundles of tibreu are cut 



obliquely ; the outlines (rftha lamellsa oan 
en from the side. Nitric acid, metliyl violet. 
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F 3. DEVELOPING BONE- 

Fro. 1. Border of a Superficial UeduUary Space, or Secondary Areola, from the 
Humerus of a Six-Months Fcetus (x350). — This space lins boeii fovmed hy the activJly 
c.if the iinU'iicluHlx in eroding away the culcilied cartilage, and is now occupied hy fihres 
and cells derived from the osleot/melic leti/er of the j>erioBteum; some of the tihres 
become calcified later to form lamellae and Sharpey'a fibres, while the cells, oateoUaxts, 
become enclosed in bone to form bone cwpusclea ; this stage is seen at the left 
margin, where there is a layer of newly-formed bone aubatance, lined by a layer of 
osteoblasts, some of which are in proceaa of being enclosed. Chromic acid, alcohol, 
acid carmine. 

Fig. 2. A Fart of the Surface of the same Humerus (x350], — A few muscle and 
tendon fibres are aeen below and to the left attached to the iwriosteum, which conaials 
of two layers, an outer .ftViroHs and an inner mtcorivnetir containing large numbera of 
osteoblasts, which are actively forming bone as described above. 

These osteoblasts deposit a thin shell of bone around the calcified cartilage. In 
the upper part of the section a process from the periosteum is seen eating its way 
through this newlj'-formed shell of bone to reach the calcified cartilage. ^ 

This process consists of osteoblasts, osteoclasts, fibres (the oKtetigcuetic Jihre»), 
with supporting tissue and bloodvessels {fam sanff.). This series of changes constitutes 
the utiif/'- I'/irniptinn. Chromic acid, alcohol, acid carmine. 

Fio. 3. Medullary Spaces &om a Phalanx of a New-bom Child ( x 100). — At the left 
o£ the section is an area of curtilage, the cells of which at the extreme margin are 
arranged irregularly, while those near the medullary spaces are arranged in longitu- 
dinal rows, the matrix between them being calcified, and the cell spaces, themselves 
mucli enlarged, (orming the jmviari/ areulie. As a result of the irruption of the 
processes of the periosteum, the calcified cartilage is absorbed, and the primary 
areola* opened out to form larger spaces — the Hcamdari/ areoUe or medullary spaces. 
At the same time the oeteoblasta which accompany the periosteal processes begin to 
deposit calcareous matter on the walls of these medullary spaces, which thus become 
enclosed by priiiiari/ homj trahi-ulff- as shown in the figure. MeihiUa ossiuni is the 
fobtal marrow filling np the newly-formed medullary space, ('clliila ••xsiiiin, the osteo- 
blasts becoming enclosed to form bone corpuselee. Hiematu.\ylin, eosin. (Ziemke.) 

Fig. 4. Cells from the Medullary Space of Fig. 1 ( x 1000). — The large oval and pear- 
shaped cells above are mari-'nc ixUh, the other cells and fibres are connective-tissue 
elements, the cells subsequently becoming osteoblasts, the fibres osteogenetic fibres. 
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In the lomi port o( tlu flgnn tiina oiieoMiti u« nan* two bung eneloBed bi newly- 
fomwd bone, the third neariy endoaed. 

There is alio r luger eell with two nncl^ bat it weou to be an oeteotdast, uict 
not one of thoae Iftrge oelli (otteodaiu) whou fiu»ti(m is the abaorptttm ai tlie 
okleifled eartilage, and later of the temporary bcma. 

Fio. 6. tnm a Aalpz «f 4t Ihnl «f a BmaMmlBm WmHu (x790).— Some 
eaxtilage oolb ^ring in printaiy areobs at the 1^ of the soetion are eeen to be invaded 
hf the petioeteal tisnua torming tbe line o! adTaneiiig osaifieation. The eartihies eeUa 
are disi^^earinA and their ^aee bong taken hj fibres and oella from the perioateom ; 
the Utter arc nctirely fonDiTig new bone. The oooimaieement (^ the d£|KiKt oi time 
Baits IB recof^niRed ns a thin crescentio line 61 deferred Bfoand ttWBB eeUs, Ot 
osteoblasts. 

Two lai'f^e giant colls, <-. ,/., stnitied v, are also seen, nnd will probably senv 

orbers or i)stfi>rl(Hit'i. Chromic i i lol, pierocarmine. 

Eatran esse M tlii Periosteum into tlie newly-formed &■■• 9i 

■ (x] vesi am) ili wider, iiml gives off branches, wUeh 



d^ M > t in the neiglibourhood of the Yeasel. la 

•aown,the naw^ a e being stained yellow. The reaasl ia 

n to penetrate the layer of snt^wriOBteal bone. Chromic acid, alcohol, picrocarmine. 
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F 4. BONE. 

Pig. 1. Transverse Section of a Long Bone (x50). — Stained by carmine, dried, and 
then mounted in balsam. Purt of tlie medullary cavity le seen in the upper part. 
Below this, several clear spaces of varying size are seen ; these are lUe Haversian 
I'anaU, in which the veasels of the bone are contained ; they anastomose with one 
another by smaller obli<|«e channels, some ot which are seen in the section cut 
more or less obliquely. The bone itself is formed of calcified lamellie, which have a 
definite arrangement as follows : 

i, The greater number are arraaged canceutrically argimd the Haversian canals, and 
are known iia ennccntric or Haver lian laiiietlir.. 

ii. Some are arranged around the medullary ca\ily^periinedallarij laitwUie. 
iii. Others beneiilh the periosteum— «u6perKJ»ff ai or circumferential lamella (not shown 
in the figure). 

iv. Those filling up tlia spaces betweenthe Haversian Bj-slem8—/iin(frtm*n^a7 or t>i(i'«(i/iiti 
lamellie. Lyhig between the lamellie are the laciime., or the Bpa«os occupied by the bone 
corpuscles, 

Fio. 2. Transverse Section of a Bone ( x 200). — All the spaces in the bony structure 
have been flUeil with methylene blue solution. The Haversian canals and their com- 
munications are shown. Lying between the lamellie, the lannue or Bpacea are seen in 
concentric rings ; from these lacunie radiate innuraemble smjill channels— caHoZicMff, 
by which the bone corpuscles can derive nuti-iment from the vessels of the Haversian 
systems. The arrangement of these canaliculi can readily be made out. (Zeroni.) 

Fio. 3. Transverse Section of Decalcified Bone < x GOO) (lateral illumination, and 
most of the light cut off).- — Presents very aimilnr characters to Fig. 2, hut the lacunie 
are occupied by bone corpuscles, each with its nucleus deeply stained. From the 
lucunie fine canaliculi pass to neighbouring cells, and finally to the Haversian canals. 

The bone corpuscles give off fine processea along these canaliculi. The Haversian 
canals are occupied by bloodvessels, nerves, and lymphatics. Carmine. (Ziemlce.) 

Flo. 4. Seven Laeune from Fig. 2 <x600), — By means of the higher magnification, 
the relation of the canaliculi of the different lacumc to one another can be made out. 

}''ir,. 5. Bone Corpascles &om Fig. 3 examined by Transmitted Light and under a 

Higher Power ( x 1000). — Carmine. (Ziemke.) 

L, A bony lamella. 

C, The border or capsule of the lacuna. 
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f*io. 6. Canoelloui Bony Tiisne from a KeUcirpal Bone, witb its Artienlar Cartilage 
( X 70), — The cartilage is Btained yellow, and shows the arrangement of its cells 
characteristic of articular cartilage, the superficial cells being parallel to the aurfaoe, 
the deeper ones scattered irregularly, the deepest being, as a rule, at right angles to 
the surface. Beneath the cartilage is a layer of compact bone, and internal to this 
the spongy bone, consisting of a network of fine bony trabeculs filled up with bona 
marrow. Picrocarmine. (Ziemke.) 
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G 1. STRUCTURE OF TOOTH. DEVELOPMENT OP TOOTH. 

Fifl, 1. Thin Section of a Lower Bisonspid, in situ ( x4).— Tlie tootli is divided into 
three parts — the criiirii, or that part projecting into the mouth ; the iia-l,-, the narrower 
part connecting the crown to the r-mt or /any, the part embedded in the jaw. 

A large irregular ca\'ity ia seen in the middle of the tooth, tha piilj) cavity (cacwwi 
ilentis). The crown is seen to be covered by a layer of aiamel (auhst. mlamant.), which 
thins off down to the neck, and forms a cnp for the dentiw (mihgt. ehurnea), which 
forms the main part of the tooth structure. The dentine of the root ia encased in a 
thin layer of l>one — the cemrul, or crusta petrosa. 

The root is united to the jaw by a very vagcular structure, tlie liijamniliini 
drniiaiv. (Waldeyer.) 



Note. — In Figs. 1 to H the various layers t 
sake of clearness. The actunl specitaens do no 



■e indicated b.y slightly different tints, for ihe 
show these different colours. 



Fig. 2. Cross-aeotion of the Crown of a Canine Tooth (x5). — The pulp cavity in 
the dentine, and the layer of dense (inamel enclosing the latter, are shown. (Waldeyer.) 

Fig. 3. The Transition from the Crown to the Neck of Fig. 1 (x30). — The enamel 
faintly blue, the dentine grey, and the cement yellow. (Waldeyer.) 

Fio. 4. Part of the Enamel more highly magnified ( xlOO). — Showing the arrange- 
ment of the etiaincl primus, which are here nearly horizontal. They are closely packed 
together and exhibit transverse markings, which are due to small curves or inequalities 
in thickness. Each prism extends through the whole thickness of the enamel (<;/'. 
Plate G 2, Fig. 10). (Waldeyer.) 

Fio. 5. Section of Dentine (xfiOO), showing the 'Inithial tiihiiirs cut across in 
various directions, (^Valdeyer.) 

Fig. 6. Jnnotion of Enamel and Dentine ( x 100).— The dentinal tubules extend right 
np to the enamel ; the part of the dentine in this Bituation is known Rathe in ter'/luhiilnr 
Id'ipr, in which are small spaces — the inti-rijluUnlai- upacrg (laciiihc fhnriii) l>ounded by 
irregular lines. Some of the dentinal tubules communicate with these spaces. 
tWaldeyer.) 

Fig. 7. — Arrangement of the Dentinal Tubules at the Junction of Dentine and 
Enamel ( x 240). — The dentinal tubules are seen to pass as fine parallel curving tubules 
to the enamel, a few of them even penetrating into it. Their inner ends open into the 
pulp cavity (not shown in the figure). They give o!f laterally very fine branching 
secondary tubules, which often anastomose with one another. (Waldeyer.) 

Flo. 8. Junction of Dentine and Cement (x200). — In the dentine are seen the 
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dentinal tubolBS and interglobular Hjiaces ^moi^ namerotia in this Bitootion tbao 
Imneath the enarael) ; in the cement, bone lacunip and CAnalieuli. bnt no Haversian 
canals, are present. All theae epacee in a dried specimen like the present contain air, 
and therefore appear black. (W'aldeyer.) 

Ftn. !>. Section Ibrough the Lower Jaw of a SeTea-Honths Frntai ( x 7). — The tooth 
rudiment occupies a depression in the jaw [etsined red), but ib separated from the jaw 
itself by a strong conne<!tive-tissiie capsule — the looth tar. The epithelinm of tb« 
luoulli 18 8oen alfove art a thin blue line, from which another line passes downwardti to 
the onatuiil or^jun, along which the cells forming; the enamel organ grew ; and given 
off to the left of this is a small process — the enamel germ of the permanent tooth 
(r/. Plate G 2, Fjr. 5). Hffmatoxylin, eoain. (Sobolta.) 

Fto. 10. The Tooth Bndiment of the Last Preparation (x 30) .—At the spot marked* 
the enamel or^n has become separated during the preparation: normally it is in 
contact everywhere with the dentine germ. 

It formH A cloned »ac, and is develojied as an invagination of the epithelium of the 
month, the communication or neck being subsequently thinned down to the line 
referred to in Fig. 9, and from i\hicb the enamd germ <•/ the peimaiuut tooth, x, is given 
off. Tlie body of the enamel organ at first forms a fiask-shaped mass of cells, and is 
itself invaginated by the deiitini- germ, derived from the mesoblastie tissue of the jaw. 

The enamel organ in the figure ia seen to consist of three layers: an inner and 
outer layer of enamel epithelium, between which is a jelly-like tissue composed of 
stellate cells constituting the enamel jnilp. The enamel organ, like the epithelium 
from which it is dej^ved, has no bloodveBsels, and the enamel in the fully-formed 
condition has likewise no vascular supply. 

It is the inner layer of epithelial cells which forms the enamel ; they are known 
as enamel i'eUn or ailamanluhlants. 

The vascular connective tissue of the papilla, which subsequently forms the pulp 
of the tooth, is at present very wide at the base, the root of the tooth being so far not 
formed. The most superficial cells of the papilla constitute a layer of dentine-forming 
cells — odontiiUaHln. Hsematoxylin, eosin. (Bobotta.) 
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O 2. DEVELOPMENT OF TOOTH (continued). 

FiQB. 1, 2. Details of the Tooth-forming Structures. 

Fio. 1. Apex of the Tooth Papilla of a Seven- Months Foetus ( x 150).— The epithelium 
of the enamel organ, or layer of enamel cells (cell, aifam.), has separated from the newly 
formed enamel, with which it is normally in contact. 

The enamel ahowa an outer and an inner zone, the former being incompletely 
differentiated. Beneath the enamel is a thin layer of dentine, formed by the layer of 
odontoblasts ('■'■//. ehm-is) covering the tooth papilla. Hematoxylin. (Sobotta.) 

Fig. 2. Odontoblasts and Enamel Cells (x250) (from the specimen of Plate G- I, 
Figs. 9 and 10). — On the left of the section ia a part of the tooth pulp, which is 
covered by a layer of columnar cells, the odoiitoblaalH (like an epithelium in appearance, 
though they are mesoblastic in origin) ; small proeesaea of these cells, become enclosed 
in the dentinal tubules as^/ibres of Tomes. 

The newly-formed dentine is seen to consist of two layers, the inner being incom- 
pletely calcified (the outer part is in the figure wrongly bracketed with the enamel). 

Outside the enamel the cells composing the inner part of the enamel organ are seen, 
and comprise a layer of closely-set epithelial cella, the enamel ctlh or adamantoblasts, 
a layer of irregular cells (several deep), the stratum intermedium of Hannover, and 
then the branching stellate cells of the niani'-l pulp. Hmmatoxylin, eosin. (Sobotta.) 

Fiii. 3. Cells from the Enamel Pulp of a Younger FcstuB (cf. Fig. 5). — Each cell 
gives off branches which join to form a network ; the nucleus ia large and rounded. 
It is important to remember that these cells are epithelial in origin, like the enamel 
cells themselves. Carmine. (Sobotta.) 

Fio. 4. Section through the Tooth Budiment of a Lower Incisor of a Four - Months 
Foetni (xlfi). — The tooth liea in a depression in the developing jaw, and presents 
similar characters to Plate 3 1, Fig. 9, except that the various structures are less 
advanced in development. Carmine. (Sobotta.) 

FiQ. 5. Part of the same more highly magnified (45). — Ep., epithelium of the 
mucous membrane of the mouth ; a fold or thin track of these cells is seen to pass to 
the enamel organ, of which it forms the iierk, a ,- this was originally much wider. At 
Kg H process from the neck is seen in section, which has a wider blunt end, and ia the 
rudiment of the enamel germ of the permanent tooth. 



(IM ) 
. Apex of the Pa}iilla from the same Specimen ( > 



450). — The details are a 




Fig. 2. 

Fio. 7. Section through the Nasal Cavity, Upper Jaw. and Cheek of a Three-MonthB 
F»tai (Xlfl).— A tooth riulinient {•/.■niirii ,{,-iitm) ie siiowii, ami the develoiiinf* honv 
liesue is stained rod. Hrematoxvlin. (Sol)otta.) 

Fio. K. Seetion of a Milk Tooth and a Permanent Tooth Rudiment, in situ ( x Ifi).- 

They lie beBide one another in ii sinun in Uio developing jaw (stumod yellow). The 
milk tooth [^rm laeUim) IB in u more udvBiiced stage of development than the permanent 
tooUi. (Waldeyor.) 

Kic. 9. Formation of a Cataneona Tooth in a Selachian Embryo (Shark), after 
Hertwig.* — In thiw cime the oriyin of tlio different laytirs of the tooth can he readily 
(ollowt'd. The enamel organ ib formed as a projeution forwards of the deej) layer of 
iho eindennis. and the papilla from the coriuni follows it. The layers are then formed 
as above. The hw^c cells in the epidermis are uuicoiis i-oIIk. 

l-'ic 10. Elements of the Enamel fiom a fully-developed Tooth.— », A BUiall piece of 
enamel, with the enamel prisms seen in proliie (x2-IO). They are seen to he wavy or 
curved, and to present darker transverse marliings. 

h, A few enamel prisiaa seen from the side (x2i0). 

r-, A few prisms in transverse sei-tion (X760). 

The hexagonal outlineB of the prisms, which are solid, are shown, and their union 
to one another by cement Bubstaiice. 
•■ O. Hertwiy. ' Lelirljuvh dcr Eiitwitkclungt^gcfifhiclilf Au& MtriiM'heii und der Wirbellhiece,' Fij^. 170. 
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O 3. TONGUE. 

Fig. 1. Section through the Segion of a Papilla Circamyallata ( x 15). —The papilla 
itself is cut obliquely, so that in its lo^er part the epithelium of the trench is 
again caught in the section, and appears to separate the papilla from the remainder 
of the mucous membrane. Distinct secondary papillBB are seen on the surface of 
the main papilla. Opening into the trench are the ducts of small serous glands 
(r. Ebner'g glands). The acini of these glands, and the epithelium of the mucous 
membrane, are stained violet, the bundles of muscle - fibres yellowish - brown. 
Haematoxylin. (Flemming.) 

Fio. 2. Section throngli a Part of the Tongue (xl5). — The epithelium is thick 
and stratified, the deepest layers being more deeply stained, and resting on a basement 
membrane, beneath which is a layer of subepithelial connective tissue. The muscle 
fibres are arranged in bundles stained reddish-brown, and are seen both in longitudinal 
and transverse section. Lying between these muscle bundles are the acini of 
mucous glands, the ducts of which pass upwards to open on to the surface (ductus 
excreL). Alcohol, alum-carmine. (Flemming.) 

Fig. 3a. CHands (▼. Ebner*s) from Fig. 1 more Idghly magnified (300). — Section 
through a Few Aeini of the Glands. — They are separated from one another by con- 
nective tissue. Each consists of a basement membrane, or membrane propria^ lined by 
a layer of cells more or less cubical in shape. These cells stain readily, possess 
large rounded nuclei and finely granular protoplasm, which does not swell up as in 
the case of mucous ^ands {cf. Fig. 5). 

Fig. 36. Section throngli one of the Bnets ( x 300). — The cells are more regular and 
columnar in shape, and the lumen is larger than that of an acinus. H^ematoxylin. 
(Flemming.) 

Fig. 4. Oeneral Yiew of the Snet of a Mneons Gland from the Tongue ( x 75). — The 
acini are about the size of fat eella, but their margins are more distinct. The duct is 
seen to take origin from the adni, and wind upwards through the connective tissue to 
the epithelium, where its walls become much thicker. Alcohol, alum carmine. 
(Flemming.) 

Fig. 5. Aeini of a Mneons Gland tnm the Tongne (xSOO).— The figure was drawn 
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from some mucoua glands in the siHiciinen uf Fig. 1, near to v. Ebner's glands, but 
not ahown in that figure. 

The acini are lined by cells, which do not utaiii, since the protoplasm is distended 
with a non-staining material, mucin. The nuclei are Hmall and flattened, and lie near 
the oiit«r part of tho cells. The duct is small, and lined by a single layer of flattened 
epithelium. Hsniatoxylin. (Flemming.) 

Flu. (). Cells from the Olandi represented in ¥igt. 3 and 4 ( x 300). — To thu right 
are some acini in trausvtirse section ; the imier part of the cella is indistinct and 
unstained, being swollen out with mucin ; the outer part contains the nucleus, and 
Htains more readily. To the left are some acini iti longitudinal section, and in the 
middle the duct, />. K. Alum nirniine. (Flemming.) 

Fio. 7. Horizontal Section of a Circnmvallate Papilla near the Deepest Fart of the 
Furrow { x Ifi).— In the two layers of eptlhelium, betwepn which is the furrow, are seen 
eeveral taste-buds as small clear spaces (ralycrg ijiistiiH). 

Lying external to the papilla are v. Ebner'e glanils in section. Carmine. OVal- 
ileyer.) 
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Q 4. TONGUE (continued). (ESOPHAGUS. 

Fi<i. 1. Section tbroagfa Fan^form and Filiform F&pille of the Tong^ne ( x 18).- — The 

,'"",'"7'"""' jmjitlla is ii blunt projection of the mucous membrane, possessing also 
secondary xjapiUie. It is seen to be occupied by connective tissue and bloodvessels 
from the subepithelial layer. The _filij\irm jiajiUla has a thick epithelial covering, 
which is prolonged upwards to a jwint, the upper part being made np of hard epithelial 
scales here arranged in an imbricated manner. 

The vessels injected red, the tissues stained iKPmatoxylin. (Ueichenbaeh.) 

Fig. 2. Epithelium of the Kucons Uembr&ne of the Tongue ( x 160), ^Two filiform 
papillie are caught near their edj-es, so an not to be completely in view. The most 
Buperlicial cells are Hat, and more or less horny. On the filiform papillfe these cells 
form irregular spiny projections, giving the papilla; a rough appearance. The cells 
beneath these, as at i; are less flattened and have granular protoplasm ; the deepest 
layers of cells are protoplasmic and stain readily ; hut the outlines of the individual 
cells cannot be well made out in this specimen. The deepest layer of all rests on the 
basement membrane. Injected with carmine-gelatin injection mass ; stained ha'ma- 
toxylin. (Reicbenbaeh.) 

Fio. 3. Section of a Circnmvallate Papilla from a Seven-Hontht Ftetus ( x 60). — Tim 
papilla with the trench around it is already well develo|ie(l, and tlm epilheliinn at tim 
sides of the trench contains taBte-buda; v. Elmer's glands an^ alwo present. Chromic 
acid and alcohol, hiematoxylin. 

Ftn. 4. Part of the Hncous Ifembrane from the Outer Wall or Vallam of the 
Papilla shown in Fig. 3 (x 400). —The iinwt dmiply placed rolls arf narniw, closoly 
packed together, and rest on the basement membrane (utratiuii /um/tii'ikI ; tlin outer 
layers liecome flatter and flatter as we approach the surface, and ultimately Iwcomo 
squamous. Chromic acid and alcohol, hmmatoxylhi. 

Fia. 5. A Tagte-Goblet from the same Preparation at Fig. 3 ( x400).— Tin* lusemfint 
membrane lies above; the taste -goblet appeam as an uval-»haj>od cleaitu' h|>ao« 
extending from the basement membrane to the gustatory pore (/uTicrl, The itIIh nl 
which it is composed possess large oval nuclei (';/'. Plate C I, Fig.-;, M-11), 

Fio. (i. Horizontal Section jast below the BaB« of a Circumvallate Papilla from a 
Seven-Honths FoetoB ( x 60). — The connective-tissue basis of the papilla is seen in the 
miiUlle, and around it are two rows of small circidar spaces, the ducts of v. Rbner'a 
glands as they pass to open into the trench beside the papilla. 
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At a, later stagfi the ducts are more widely separated owing to the growth in size 
of the papilla. Chromic acid and alcohol, hffmatoxylin. 

Fio. 7. Seotion throagh the Hacoas Membrane and the Submucous Tiuae of the 
(Esophagug (X 53).— The epitlieliuiu is hcoii to form a thick layer many cells deep 
{rf. Fiy. H), and beneath it is the buhmufous coat, consisting of connective tiasue, with 
hloodvcHsela (art. and rcna) running in it. In the lower part lie the acini of a mucous 
filand, ita duct being seen in section four times as it passes from the gland to the 
surface. 

A few fibres of the inner or circular layer of muscle are also represented ; they 
are seen to be of the striated or voluntary variety. Alum carmine. (Fiemming.) 

Fto. 8. The Epithelinm of the Uncous Membrane of the (Eiophagiu ( x 300). — Two 
long narrow papilhc are aliown, with their connective-tissue basis. The epithelium is 
seen to be stratified, the deepest cells, those resting on the basement membrane, being 
narrow, more or leas columnar, and utaining deeply ; the cells gradually become more 
flat and less stained, the most superficial being flattened squamous cells. Alum 
carmine. (Fiemming.) 

Fm, 9. Acmi and Dnct of a Mucous Oland &om the (Esophagas in Croaa - section 
(X 300).— They present similar characters to those of Plate G 3, Figs. 5, (i. Alum 
carmine. (Fiemming.) 

Fio. 10. CrOBB-section of the (Eaophagus ( X 8). — The mucous membrane and sub- 
mucous tissue are complete; tho muscular layers are only represented m the lower 
half. 

The mucous membrane is thrown into folds. The muscular coat is double, con- 
sisting of an internal layer of circular fibres, an external layer of longitudinal fibres. 

In the upper part of the (esophagus these fibres are striated, as shown in the 
figure. Carmine. (Waldeyer.) 



5. STOMACa 

Fm. 1. ItaHWOW ■■■fliw af the Tudu lagkn vT the Staau^ i xUi.— TW 
nbraoe, aabniMOiu cnat. kdiI nnucuUr ec«t wr >)ioini, u^f-tlMf with tbe 
parilonal inrw dineD l or Berons oost. 

The hvwiiafa colofmtioa ol the q«cin>eii is 11m nsnlt o( iba aetioo ol osmic acw), 
whtdi bM afau staiiwi Um bt erils Mack. 

Tb« tnacoo* iDembnoe fCMCntt namaroBa g^And^ id Mctkn, and the snboiDcoas 
ca^t coDtAina some luge vwbU The nosealar eo«t, with iis la.Tere, oblique, cinmlsr, 
anil longitailinal, U oiQch contncted. Flunming's soltitioD, arid cannine. (Mericel.) 

Via. ± A Small Piece ef Kaeeu KeBbraae frou dw hbb ^eeiaea (xM). — The 
initcoiu membrsDe in linexl lij a eiii^l*- Ihvcr •'( rxliimnar (-pictieliuni with nnmerDtis 
ftolilflt cfill*. Small tubnlnr deprimsiiMiM — ^IniiJ tul'iik'^ — are seen, some beiog cat 
acron traiunrersely or oblwiuely in lb*' deeper jiarts ot the mueoos membrane. Beneath 
the ^atids 18 a tbin Ujer ot mascle — the imumcHlani muci^'r : lying jast above tbis a a 
email Ijrmphoid nodule in close relati<m to the lymphatics in the upper pert of the 
snbmncaos coat, which also preMiits hloodresaela and a few fat cells in a bed of con- 
nective tisMie. (Cf. also 6 G, Fig. 4. lor the arrangement (A the glands in this 
region.) 

Flo. :). The End of a Cardiac or Faadtu Gland from the Stomach, taken Twenty Hevzs 
after I>eath ( x 400).— Tli<; Kivocimen presents a conilition of partial diguation, tlie cells 
lioiiig inilintinct uiid granular • looking, the nuclei not nell defined ; i^veral goblet 
chIIh are shown, bat their Ktrni^tnre itt indistinct, (.('f. the condition in Plate G G. 
KigH. 1, 2.) Hifuifitoxylin. 

Fto. 4. Longitodinal Section of the Pyloric Region of the Stomach <xl2). — The 
mncons tuombrane ie thicker and macb richer in lymphoid tissue than that of the 
cardiac region ; several gmall noduleH are seen lying just below the glands. MiiUer*B 
fluid, acid carmine. (Merkel.) 

Fto. S. Part of the Kucoiu Membrane of the same Preparation (xSO). — On com- 
parison with Fig. 2 and Plate G 0, Fig. 4, the glands in this region, called iiyUirir 
tilauiU, are »een to differ from those of tlie fundus region {car/liar or fuuilut ijlamh) in 
the following jioints: 



The iliit^tn nri.' lori|{er und 
hilirl of cell only (the chief oi 



The more deeply- stained cells in this specimen are goblet cells. 

I-'in. C. Ooblet Cell! from the Mucom Membrane of the Pyloric Eegion (xl600). — 
«, Goblet cell swollen out with mucin in its outer iiart, the deeper part being still 
protopIaHmic and containmg the nucleus. 

/i, A cell in process ot evRcuation of its contents. 

A leucocyte is seen between two of the epithelial cells. {Vf. Plate G 12, Fig. 8, a— J.) 
Milller's fluid, hamatoxylin. (Merkel.) 
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r, the gltuid labules shorter anJ braacbed, and Uiieil by one 
i> reUt), ivhertas the cnnliao glands contain two kinds. 
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6. STOMACH (continued). DUODENUM. 

Fro. 1. Transverse Section of the End? of some Fundas or Cardiac Glands from the 
Specimen shown in Plate 6, Figs. 1 and 2 ( x 350). — The tubules are seen to consist of 
a buBemeut membrane, or mrmhraiia jimpria, lined by a layer of glandular epithelium 
(the central or pejitic relU) ; in places between the bases of these cells and the basement 
membrane are larger, more darkly-stained cells, /' (the par'u-tal or lu-yntir '-dh). 

These cells are most numerous ui the upper part of the gland tubules, and may 
cause the basement membrane to bul^^e. as in the tubule below and to the left. Flem- 
tning's solution, acid carmine. (Jlerkel.) 

Fia. >2. Longitadinal Section of the Ends of two Cardiac Glands ( x 350).— Tiie rtihi- 
tion of the parietal cells, h, to the basement membrane is again shown. Hiematoxylin. 

Fiii. 3. Cardiac End of the Stomach injected ( x 60). — The larger vessels run chiefly 
in the submucous coat, and give off branches, which pass through the museularis 
mucosie and break up into a capillary network with long meshes between the gland 
tubules ; just beneath the surface, around the ducts of the glands, is a closer-meshed 
network, from which the veins arise. 

The muBcuhir coat is supplied by branches given uff by the main arteries in their 

passage to the subnmcous coat. Carmine, ( Keiehenbach.) 

Till! vesaels were iiijei'ted mtli a Berliu-bliit j^elatiii injectiou-iiiiias, li^v vvliidi mi^tliuil. iii 
the rase of Iho human stomach, the lymph ufaimuelH o(t«u bocuue injecLed in jihtveH. ho ibat 
the injection is seldom very sharply defined. 

Fib. 4. Section of the Hncous Hembrane of the Stomach, Cardiac Region ( x 100).~ 

The mucous membrane is relaxed ; it was tiiken from a body twenty hours after death. 
The section shows the arrangement of the cardiac glands. The ducts are short, and 
several gland tubules may open into one duct. The gland tubules tbeuiHelves are 
unbranched and more or less parallel. Alcohol, carmine. 

in tho tiguit wroiiyb 



NuTK.^Tlie prujei'tioiui of ihucuiib iiiembnuiu betwueii ihc i 
iiiirkc'l ' I'illi.' True viUi occur only in the small intestine, 



Fii;. ;>. Section of the Duodenum (x 15). — A few villi are seen projecting from the 
mucous membrane, and beneath it, chiefly in the submucous coat, are Biiiiiitvr'a 
ijlaiitlg. 

The muscular coat is in this section mucli 
From a liody some time after death. Carminu. 



\vn up, and appears 
iFieudenstein.) 



verv thick. 
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Fio. 6. The Huoous Hembrane and Part of the Submucous Coat of the Last Specimen 
( X 600). — At the base of the villi are seen a few tabalar depressions (the follicles or 
glands of Lieberkiihn. The majority of the Bronner's glands lie in the submacous coat, 
below the muscularis mucosae. The gland tubules are seen for the most part in trans- 
verse section, owing to their being coiled ; in structure they resemble the pyloric glands 
of the stomach. 

Fia 7. Hucous Hembrane of the Duodenum, taken shortly after Death ( x 60).— The 
villi are closely packed together, and from their bases Lieberklihn's follicles are seen 
to descend nearly to the submucous coat. There are no Brunner's glands, which are 
only found in the upper part of the duodenum. Miiller's fluid, hsematoxylin. (Merkel.) 

Fio. 8. The End of a Villus from the Last Specimen ( x 180). — The basement mem- 
brane and supporting tissue of the villus have retracted from the epithelium, leaving 
a space occupied by red and white blood-corpuscles and fibrin threads, which present an 
appearance easily mistaken for connective tissue. The epithelium is columnar, and 
has a striated free border ; between the cells wandering leucocytes are often seen. 
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7. SALIVARY GLANDS AND PANCREAS. 

Fio. 1. From a Section of the Sublingual Gland (xlOO). — This is an example of a 

mi.ri'd gland — that is, a gland which poBsessea acini of both kinds, miieoii3 and serous 
or true salivary. 

The two kinds ave seen to differ in their heliaviour to staining reagents, the cells 
of the seroiis acini staining uniformly, while those of the mucous acini are clear and 
unstained, except for a small acne with the nueleiis near the basement membrane, and 
some special cells lying in certain situations outtiide the ordinary cells. 

The duct ol the gland is seen cut aeross^twice transversely, once longitudinally. 
It is lined by a single layer of columnar epithelium, the cells of which present a 
striated or rodded appearance at their attached miirgins. Heidenhsin's hiematoxytin. 
(Flemming.) 

Fig. 2. Various Parts of the Last Specimen ( x 690).— a, Fonr epithelial oells from a 
small duct. At /, the part of the cell directed towards the lumen, the protoplasm is 
granular, wliile beyond ihe nucleus it is striated, us described above. 

Fig. 2^, 2c. Cells from mnoous acini — h, longitndinal section ; c, transverse section. 
The nuclei are situated near the outer part of the cells, and are surrounded by a small 
quantity of granular protoplasm ; the remainder of the cells is clear, highly refractive, 
and unstained, being swollen out with mucin. 

Lying between these cells and the basement membrane in certain situations, as 
at til, are deeply- stained granular cells arranged side by side to form the crfscrntu 
ofGiamazi. 

Fig. 2i'. The epitheliim of a serous acinus. Only one kind of cell lines the acinus 
(the serous cell), with well-staiiied gi'anular protoplasm, distinct outlines and nucleus. 
The serous glands possess no crescents of Giimuzzi. 

Fig, 3. Nerve Endings in the Salivary Glands ( x about 600), — The nerves spread 
out between and upon the cells of the gland from a small nerve trunk seen in the upper 
part of the section. Hilver- reduction method. (From Bergli, after Retzius.) 

Figs. 4a and 1''. Parts of a Section of the Parotid Gland. Flemming's fluid, acid 
carmine. (Merkel.) 

Fio, 4a. The Dnot in Longitudinal and Transverse Section, and a Few Acini ( x 100). — 
The part of the duct in longitudinal section is seen to be united to an acinus by a 
narrower part (the hitfiralari/ ]/art or ilmtiilt:), the epithelium in this situation being 
flattened instead of columnar as in the main part of the duet. The fat cells are 
blackened by the osmic acid. 

Fig. ib. Section of an Acinus (x6d0). — The cells are granular, and in some cases 
possess vacuoles, as at r .- they are of the serous type, the parotid being an unmixed 
serous gland. 

Fig. 5. Beotion of a Part of the Submaxillary Gland (xSO). — The suhmaxilJar}' 
gland in man, like the sublingual, is a mixed gland, both varieties uf acini being seen 
in the section. A large and a small duct, with an artery aud vein, are seen lying in a 
bed of connective tissue between the acini. MiillerV Huid, acid carmine. (Merkel.) 

lo 



Fu.6. Tnamm BmUab of » Kimu Adm frM Iht mm SpmImm ( x MOV— 
COioira the typioal ohwHten of a maoooB ^asd, u dMetibed ftbam (^ F^. S6» Se). 
The large cell belonging to a orMeent ti Gianuiii is hif^ gnnolar, and also pos- 
Beeaee Kune imall vwmolei. 

FiQ. 7a. Odto tttm a Bwom AelaM tnm tte »■■ tpiiilM ( X >W). 
FiQ. 7&. Two colli froH the Wall of a lauUSiot (xeSO).— Theitriaiedai^ear- 
anoe of the oater bqider of the ooll, and tiie granular protcqplaBm next the lumen, oan 
bo readily made 011' '^■ 

Via. 8. Part of a Soottoa Ozan^ the FiMnai (xM).— In the eapporting tiaBoe 
bloodveraelB and tat oells are Bean. A imall doet, vith a narroir doBtnla or intaroalazy 
part paseing from it directly to the lomen of an aoinna, oan be iraoed in the lower part 
of the eeotion. 

The aeini eloeely reoemble thooe of Mrona oaUvaiy ^lando, but are more tubnlar. 
At * lie cells with granular oontents (q/l Fig. 96, 9e, 9i^. ICUler'a fluid, lueni»- 
toiylin. (UarkaL) 

Fia. 9a. A lOw Ada! of tht TaMroat, vllk a Daotalo poiriaff to ow ef Owa 
(xStO).— The diictale.or intarealazy part, is lined hj flattened ^ithdial oeUa, and 
passes directly to the Inmeu of one of the aemi ; the larger dnct is lined by eolitmnkr 
Qptthdiom. 

The adni are sbbd to poesees cdla doeelj r e s e mbling fliOBs of the serous aalivaiy 
^ands, bat in addition, in the centre of the acinao, in many eases, as at x, are seen 
cells (the etHtro-aemar eelit of Langerhans. 

Via. 9fr, 9e, 9(1. Oollt with HaA eranalsi, wUeh itala with Oode Add ( x t«0}. 
Fio. 9e, 9/, 9^. To ihow the Changei ht Ow Cdli anoeiatad with BaeretioB (4ia- 
grammatLo). 

Fio. 94*. After leoretioa. The cells are small, aomewhat shranken, with distinct 
margins, and protoplasm almost free from granules, which have been discharged to 
form the active principle of the secretion. 

Fid. 9/. Suing aecretion. The cells appear larger, and the part of the proto- 
plasm next the lumen is now obscured by granules {zymogen). 

Fig. 9</. Before leoretion. The cells contain large numbers of granuloB ; the 
nuclei are near the bases of the cells. 

The cells of the pancreas are seen to present two zones — an outer clear zone, 
an inner granular — the size of the latter varyuig with the stage of secretion. Flem- 
ming's solution : a, hematoxylin ; b, c, d, carmine. (Merkel.) 

Fig. 10. BloodvMiels of the Fanoreai, injected Bine, the Tiaine attuned Carmine ( x fiO). 
— The capillaries form loops in the connective tissue between the lobules. (Waldeyer.) 
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G 8. OUENTUM AND MESENTERY. ILEUM. 

Fir.s. 1, 2, 8. To show the Arrang^ement of the Connective Tiune in the Great 
Omentnm of an Adnlt. 

Fig. 1. ConneotiTG Tissue betTSBn and around the Vessels (x 35), — The connective- 
tissuo btmdlea form on open network, in which tat cells are abundantly distributed. 
Methyl violet and fuchsin. Glycerin. 

Fio. 2. Part of the Same (x 200).— The network consists of areolar tissue ; the 
meshes are wide, the fibres (white and yellow elustie) are arranged in small bundles ; 
the nuclei of a few connective-tissue corpuscles are Been lying between the fibres, and 
around a small vessel there is a number of fat cells. 

Fio. B. a Tew Fat Lobnles with the Bloodvessels injected (Xl9j. — The fat cells are 
arranged in small oval lobules, to each of which a small vessel goes, which, breaking 
up around and in the lobule, torms a capillary network about the fat eells. 

Fig. 4. Connective Tisane and Endothelial Elements from the Uesentery of a Hew- 
born Child. 

Fio. 4a, Areolar Tissue (x200), with connectivc-Uasue cells and fibres. 

h, Itcd blood corpiiHclrs. 

!. Leucocytes. 

c. Connect! ve-tisBUC elenieiiln. 

Fig. 4//. Two Connective-tiisne Cells isolated ( x600). — They are fusiform in shape, 
and at each eml are prolonged into one or two line fibrils. 

Flo. 4''. Endothelium from the Mesentery, Surface View (x 600).— The cells are 
flattened, polygonal in outline, and closely fitted together. 

Fio. 4'/. The Bflme, seen from the Bide. — The cells are seen to be narrow, with a 
central bulging around the nui^leus. 

Fio. 5. The Attachment of the Mesentery to the Intestine (x20). — The mesentery 
is seen to consist of two layers or folds of peritoneum, united by connective tissue con- 
veying bloodvessels, lymphatics (r. I.), and nerves to the intestine. A number of fat 
cells (blackened by the osmic acid; lie in this connective tissue. 

The two folds of the mesentery separate to enclose the intestine, which thus has 
a complete peritoneal or Borous investment, except at the small area where the 
mesentery is attached to it ; here there is a triangular area occupied by connective 
tissue in which the vessels run. 

16-a 
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The loiiKitiulinal muscle of the intestine is seen to be continued for a short 
distance into the mesentery on each side. The peritoneal coat is much corrugated in 
the si>ecimen. Flemming's solution, acid carmine. (Merkel.) 

Vui, (). Part of a Longitudinal Section of Small Intestine daring the Process of Fat 
Absorption (x75). — Throe villi and a few Lieberkiihn's follicles are seen. 

Tlio fat globules are blackened by osmic acid, and can therefore be readily made 
out. Thoy are seen in large numbers in the villi and submucous tissue. 

A largo submucous lymphatic vessel {ras lymph.) in the lower part of the section is 
seen to contain large quantities of fat. Flemming*s solution, acid carmine. (Merkel.) 

Fkl la. Apex of a Villas daring Fat Absorption ( x 260). — ^As a result of the 
activity of the epithelial cells of the villus, which now contain few fat globules (but 
coniparij Kig. 7r), large numbers of fat globules are seen lying in the centre of the 
vilhis ; some of these are probably collected by leucocytes. 

Fio. Ih, Transverse Section of Two LieberkUlm*s Follicles from the Small Intestine 
(x250). — These consist of a basement membrane lined by an epithelium similar to, 
and continuous with, that of the mucous membrane itself. The nuclei are near the 
base or attached margin, and some of the cells are transformed into goblet cells. 

liy some these follicles are regarded as absorptive in function rather than 
•^'landular. 

I*'i(f. 7<'. Epithelial Cells of the Small Intestine during Fat Absorption (x500). 

(il()l)ulrs of fill aw. so(»n actually in the cells tliemselves, the larger ones boin^r near 
i\\v. l)iis^nnciit nu^nihraiK^ [<[L also Plato G 12, Fig. 8(/.) Flemming's fluid acid 
(•arniin(\ 

l'i(i. s. Transverse Section of the Small Intestine (x40). — The section sliows tlie 
iirnin^MMiKMit. of \hv villi and Licbcrkiilin's follicles. Htt-matoxylin. (Waldever.) 

I-'k;. !I. Epithelial Cells from Intestinal Villi { x 650). 

I'kj. \Ui, Columnar Epithelial Cells with Two Goblet Cells, c. — Two leueocvtes are 
scrii ])!issiii«^' hetwGCMi the epithelial cells. 

lM(i. !!/>. Three Columnar Cells. — They an^ seen to be narrower below, and i>ossess 
!i vi»rv niarki'il intracellular network and a striated free border, or cuiirlr. Midler's 
llnid. lia-matoxylin. (M(»rkel.) 



9. SMALL INTESTINE. VILLI. NERVE PLEXDSE8. 

I>'[o. 1. Part of a Longitudinal Beotion of Small Inleitine (x4). — The mucoti» 
membrane bIiowb long iiarmw folds ['ali-uh/- i-iiniiiienlfK); seen in traiisverse sections 
of the intestine, these (olds arc croecont- shaped, and involve a considerable propor- 
tion ot the cireuniferenee of the bowel ; thej are thickly covered by villi. Flemming's 
ftoliitiun, acid carmine. (Merkel.) 

Flo. '2. Lar^e Lymph Follicles (Peyer'a Patchea) in the Kncona Membrane of tlie 
Small Intestine { x7flj. — Over the follicle itself there are no villi (though they are 
closely packed at the tiides), so that the (oUiclB is covered by the epithelium and 
basement membrane only. The lymphoid tissue of the nodule is more compact in 
the centre. Muller's Huid, acid carmine. (Merkel.) 

Fiti. 3. General View of the BloodvesseU of ths Small Intestine (x26). — The 
large vessels lie in the submucous coat, and Rive o£f branches upwards into the 
valvulte conniventes, ot which three iiro shown in the section ; these vessels in their 
turn branch, to supply the villi covering the surface of the vatvula? conniventes. 
Numbers of small vessels are seen in the lower jiart of the submucous coat, some 
penetrating into the muscular layer. Vessels injected, tissue unstained, (Waldeyer.) 

Fm. 4. Bloodvesseb in Three Villi from the Laat Specimen ( x 100). — A single small 
artery passes up one side of the villus, and begins to break up into capillaries about 
the middle of its length. The capillaries lie just beneiith the basement membrane, 
and the blood from them is collected into one or two suiall veins which pass down- 
wards into the submucous coat, 

Fio. f). Plexus of Lymph Vessols, injected. — (Waldeyer.) 

Fig. (!. Meissner's Plexas from the Sabmncons Coat of the Small Intestine. — Large 
numbers of fine non-medullated fibres are seen passing from small ganglia and 
forming a plexus in the neighbourhood ot a email bloodvesael. The ganglia contain 
small nerve cells. ' Gold chloride. (Waldeyer.) 

Fia. 7. Heissner'i Plexna not so highly magnifled. — The ganglia are smaller, and 
the nerve fibres finer than those of the plexus next to be described (Auerbaeh's plexus 
myentericus). Some small vessels also form a network, which can readily be dis- 
tinguished from the nerve plexus. Gold chloride. (Waldeyer.) 

Fio. 8. Anerbaoh'i Plextii from batween the Mnicnlar Coats of tha IntMtino. — 
Auerbaeh's plexus myenterictia, as it is called, is seen to form a network with large 
polygonal meshes. The network is more distinct and the ganglia larger than those of 
the plexns of Meissner. Gold chloride. (Waldeyer.) 

Fig. 9. A Pew of the Smalleat Oanglia more highly magnified.— Small groups of 
nerve cells are seen colleot«d together at the nodes, ^nrrounded by fibres which pasa off 
in all directions to form the plexus. 
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a 10. COLON AND VERDSIFOItH APPENDIX. 



Yui. 1. TraoBTerse Seotion of the Hacous Uembrane of the Large Intestine (Colon) 
(xlOO). — Two Lkherkiihn' s fulUdes are beeu cut so aa to expose the lumen throughout 
their whole length ; between them is a thii-d, in which only the bases of the cells 
lining it are caught, bo that the lumen is not seen. At the eides are glands cut trans- 
versely or obliciuely. These glands are seen to be simple tubular dejiressions of the 
mucous membrane, without obvious division into duct and gland tubule. They each 
present a basement membrane, or membraua propria, lined by cells continuous with 
those covering the mucous membrane itself — that is, by columnar cells with large 
numbers of 'jMet cells (easily recognisable in the figure as the oval clear areas near 
the lumen). 

The space between the tubules is occupied by retifoi-m connective tissue, in which 
numerous blood capillaries are seen in section ; this extends down to the mitscularis 
mticosic. 

Note tliat there are no villi in the large intestine. MuUer's duid, acid carmine. 
(Merkel.) 

Fio. 2. Epithelial Cells from the Interior of a Lieberkiilu's FoUiole of tbe Large 
Inteatine ( x 1000). — The cells present similar characters to those of Plate G 8, Fig. 9, 
from a villus. The goblet cells, a, have discharged their contents. A lymph cell is 
seen in process of migration between the epithehal celts. 

At J-* two nuclei, symmetrically placed, are seen. Their significance is not 
definitely known ; it is possible that they belong to leucocytes, but in nearly all cases 
they occur symmetrically, as in the figure, lliiller's fluid, acid carmine. (Merkel.) 

Fig. 3. Lieberkiihn's Follicles from the Vermiform Appendix (xlOO). — They are 
present in comparatively small numbers (';/'. Fig. 6), but are nevertheless structurally 
completely developed. They present identical characters with those of the large 
intestine itself. Flemming's fluid, acid carmine. (Merkel.) 

Fig. 4. A Pew Epithelial Cells from the Lieberkiihn'a Follicles of the Vermiform 
Appendix (x750). — To compare with those of Fig. 2. tioblet cells, like that at a, are 
very abundant. The nuclei in relation to those of the cells ol Fig. 2 are larger, but 
less rich in chromatin. The peculiar paired nuclei, like those at j-, are in places very 



*■ Dr. BcuBg suggeats that these nuclei oimy be concerned io the regeneration of the epithelial cells. 
e it \» probable that ataay ol the gublet cells break down after discharging (heir contents. 
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abundant ; they occur in the outer part of the cells of the gland tubules (c/. Fig. 2) . 
Flemming's solution, acid carmine. (Merkel.) 

Fig. 5. Transverse Section of the Large Intestine in a strongly-contracted Condition 
( X 9). — The separate coats are very distinctly marked off from one another. The 
mucous membrane is thrown into folds, owing to the contraction of the muscular coat ; 
it presents large numbers of Lieberkiihn's follicles — the majority cut longitudinally, a 
few transversely or obliquely. 

The submucous coat is thick and loose, and contains large and small vessels and 
lymphatics. The inner or circular muscular coat is wide, and distinctly marked off 
from the outer or longitudinal At the lower part a small piece of the mesocolon is 
shown ; the large vessels are seen to run in it on their way to the intestine. Miiller's 
fluid, acid carmine. (Merkel.) 

Fio. 6. Transverse Section of the Vermiform Appendix ( x 16). — The mucous mem- 
brane is small but completely developed, and possesses large quantities of lymphoid 
tissue, Ave separate nodules being visible in the section. Lieberkiihn's follicles are 
present, but are comparatively few in number. The submucous coat contains a few 
fat cells. The muscular coat is about as well developed in proportion as that of the 
large intestine. Flemming's solution, acid carmine. (Merkel.) 

Fio. 7. A Part of the Peritoneal Coat of the Colon ( x 100). — As a result of the 
contraction of the muscular coat, the serous membrane is thrown into folds. The 
structure of the peritoneum is seen to consist of a basis of subendothelial connective 
tissue, covered by thin flattened cells — the endothelium. Muller*s fluid, acid carmine. 
(Merkel.) 
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G 11. LIVBB, 

Fig. 1. A Small Piece from the Surface of the Liver ( x 4), — Pigmented cell groups 
lie round the interlobular veins, giving the neetion the appearance represented. The 
])eritoneum and the thick fibrous capsule {GUsnoii' s miiKiilc) are seen on the outer 
surface. Miiller's fluid. (Merkel.) 

Fio. 2. Part of a Section through a Few liver Lobules (x30). — The lobolee are 
separated from one another by connective tissue, which is very dense aronnd the 
interlobular veins, which are accompanied by the larger bile-ducts, and by branches 
from the hepatic artery, the whole, with its investment of fibrous tissue, being known 
as a purtal canal. Miiller's fluid, hematoxylin. (Merkel.) 

FiQ. S. Showing the arrangement of the Liver Cells between the Periphery and the 
Centre of a Lobule {x 100), —A portal canal with a large iittcrloliular leiii is seen above; 
below, in what is really the centre of the lobule, is another vein in section, the 
central or intral'ibidar rriii. The rows of liver cells are separated from one another 
by capillaries, which, taking origin from the interlobular veinH at the periphery, eon- 
verge fi'om all sides of the lobule to the central intralobular vein. 

The small bile-ducts (ihu-tiia hiliarii) in the portal canal are worthy of notice, 
being seen in transverse section above, longitudinal below. Miiller's fluid, acid carmine. 
(Merkel.) 

Fio. 4. A Few Liver Cells from Fig. 2 ( x 400).— The hver celln possess no regular 
or characteristic shape ; they are for the most part polyhedral. The nuclei, of which 
either one or two may be present, vary considerably in size, and have an accumulation 
of chromatic substance at their periphery. The protoplasm is also not uniform in 
structure, being especially complex if the cells are active ; in the figure the protoplasm 
of many ot the cells presents a very spongy appearance ; in most of them the outer 
part of the cell is studdeil with fine grannies ; pigment granules and tat droplets are 
also seen in many of the cells {<■/. Figs. 5-7). The intralobular capillaries and a small 
amount of connective tissue are seen between the cells, the former being for the most 
part cut longitudinally in this particular specimen. Many liver cells are in contact 
with several different capillaries, since the blood-supply to the liver tissue is a very 
rich ona MuUer's fluid, biematoxylin, (Merkel.) 

Fig. 5. Liver Cells showing Pigment Grannies {x6S0).— The protoplasm of the 
cells contains large aiul small yellow granules. 

16 
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One cell with two nuclei is seen in the lower part of the section. Miiller's fluid, 
acid carmine. (Merkel.) 

h, A connective tissue cell, lying beside ii sniall capillai*y. 

Fig. ti. Liver Cells containing Fat Oloboles ( x 650). — The fat has been blackened 
by the osmic acid, and consists of small droplets of various sizes in the protoplasm of 
the cells ; yellow pigment granules are also present. Flemming's solution, acid 
carmine. (Merkel.) 

Fig. 7. Liver Cells without Fat Oranules or Pigment (x650). — One of the cells 
shows a very distinct network in its protoplasm. At h is a cell from the wall of a 
capillary lying between two liver cells. Miiller's fluid, acid carmine. (Merkel.) 

Fig. 8. Liver Lobules injected — Bloodvessels Bed, Bile-duots Blue ( x 30). — A central 
or intralobular vein is seen in longitudinal section, and converging towards it the 
capillaries from the interlobular branches of the portal vein ; the latter appear as large 
trunks between the lobules. 

In several other lobules the intralobular vein is seen in transverse section. The 
main bile -ducts, as stated above, accompany the interlobular veins in the portal 
canals ; a few are seen between the lobules, injected blue, but they and the intralobular 
bile capillaries have only partly taken the injection, (lieichenbach.) 

Fig. 9. The Trunk of an Interlobular Vein injected Blue ( x 50). — It passes between 
two lobules and gives off into each short lateral branches which break up into 
capillaries; these converge towards the central or intralobular vein, which is hero 
marked in violet to emphasize tlu^ distinction, (lieichenbach.) 

Fig. 10. Diagram to illustrate the Arrangement of the Bloodvessels and Bile Canals. 
— A few liver lobules are represented in yellow outlines. The branches of the 
portal vein (violet) are seen to i)ass between the lobules as iittrrlnlKilar rrins. Tliev 
are accompanied l>y branches of the hrpatic (irterii (red) and of the hile-duvt (black). 
The interlol)ular veins send oflf rajnUariis into the su])stanee of the lobules (as shown 
in Figs. H and iO ; inmi these tlie ))lood is collected by the iutntlnhnlar rrin>t (/•/•. 
criitralrs), and \)\ these led into larger l^ranclies, the snhlnhnlar (blue), which join to 
form the hrjKitir n'ui. The arrows indicate the direction of How in the various vessels. 

Fi(i. 11. Transverse Section of an Injected Liver Lobule (x 60).— The interlol>ular 
veins and their branches are shown in red, the intralobular vein and its rootlets in 
violet. The main ])ile-ducts were injected with chrome yellow ; they ai)i)earecl black 
under the microscope, but are Iiere represented yellow. i^lieichenbach.) 
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12. LIVER (continued). BEOENEBATION OF INTESTINAL EPITHELnTM. 

Fio. 1. Diagram of a Liver Lobule. — The general arrangement and the colouring 
as in Plate G 11, Fig. 10. 

The liver lobule is represented with a wedge removed in the upper part to show 
the intralobular vein and its origin. 

The liver lobules are irregularly polyhedral in shape, and in the pig and camel 
are completely separated from one another by connective tissue derived from Glisson's 
capsule ; in man, however, adjacent lobules are frequently partly fused together, so 
that the general structure is somewhat more complex. 

Fig. 2. Section of the Liver of a Babbit ( x 150). — The bile-ducts are mapped out 
by Golgi's method, since they reduce the silver salt ; they are seen lying between 
the liver cells, which are stained red. The blood capillaries are yellow, and the 
red corpuscles they contain are distinctly seen. Golgi's method, alum cochineal. 
(Kallius.) 

Fio. 3. Bile Capillaries from a Similar Specimen, not counter-stained (x400). — 
The intercellular bile cajyillaries give ofif small knobbed lateral twigs into the liver cells 
themselves {iutracellnlar Ule passaoes), the knobs or enlargements being vacuoles from 
which some of them originate. The vacuoles seem to be numerous in some of the 
cells. 

Fig. 4. A Similar Specimen ( x 400). — The liver cells are marked out in violet, to 
show the relation of the bile channels to the cell substance. 

Fig. 5. A Stellate Connective-tissue Cell and its Processes around a Capillary ( x 400). 
— MuUer's fluid, acid carmine. (Merkel.) 

Fig. 6. Liver Cells (x 650).— Lying between the sides of adjacent liver cells (not 
at their angles) are seen a few intercellular bile capillaries, as small spaces, around 
which the protoplasm of the cell presents numerous pigment granules. Miiller's fluid, 

acid carmine. (Merkel.) 

Fig. 7. Small and Medium-sized Bile-ducts (x400). — a, Epithelium of a small 
duct seen from outside ; below it a small vein with its lining endothelium. 

Fig. 7b. A small duct lined by two epithelial cells ; the nuclei of two cells more 
deeply situated are faintly visible. 

Fig. 7c*. Transverse section of a medium-sized duct. It consists of a basement 
membrane lined by a single layer of columnar epithelium. Mtiller's fluid, acid 
carmine. (Merkel.) 

INTESTINAL EPITHELIUM UNDER VABIOUS CONDITION& 

Fig. 8a. Epithelial Cells from the Mucous Membrane of the Duodenum during Fat 
Absorption ( x 650). — The fat is seen actually in the epithelial cells as fine droplets, 
which become larger nearer the base of the cell ; the exact process by which the fat is 

16—2 



( 124 ) 

takfln intothp cell is not certftinly known. It has been Raid that a eoiiRiderable propor- 
tion ol the tnt in the intestine is saponifiei:!, and the Botuble soaps so (ormei:! imbibed 
by the cell, which then hreaka them up apain into fat droplets within itself. 

LoiicocytoB are often seen lying in or lielow the epithelium, crowded with fine fat 
globules,* one such being shown in this specimen. Flemming's solution, acid carmine. 

Fn>. Hh-f. The Prooeu of Secretion and DlBcharire in Ooblet Colli (x650). — Each 
goblet cell is represented lyijig between two columnar cells of the ordinary form. 
Milller's fluid, hn.'mftto\ylin. (Merkel.) 

I', Colloction of the secretion in the outer part of the cell ; the nucleus is oval in 
Hhape and is situated near the base. 

c, Goblet cell fully distended; the luicleiia is now irregular in shape oning to 
narrowing of the foot of the cell. 

il, Discharge of the secretion, and alteration in the form of the nncleuB. 

'', The cell completely discharge<l. 

/, Cell probably in process of disintegiation, tor after this stage one tinds similar 
cells with broken-down nuclei. 

Fiss. !)-I2 illustrate the processes of cell multiplication occurring in the 
epithelium of the mucous membrane of the pyloric region of the stomach : the exact 
significancB of the processes, however, is not known. 

Fio. !t. Chang^es in the ITadei of the Epithelial Cells ( x 500).— At 3 is a nncleua in 
which the chromatin is arranged in bands about the oat*r part of the nucleus. At 6 
are two nuclei formed by division. 

A lymph cell is seen between two of the epithelial cells. 

Fid. 10, Cells in Process of Division ( x800).^At 4 is a nucleus, the chromatin of 
which is collected together into four separate spherical masses. 

At S is a nucleus in process of division, the chromosomes passing towards the 
poles. 

Fio. 11. Different Stages of the Same ( x 1000) : 

1. The chiomSitin becotning arranged in bands. 

2. Formation of cliromosomoa. 

3. Sepal^tion of the chromoaomcB. 
6. Division completed. 

Fm. 12. A Few Stages represented separately {ef. Plate A 3) : 
i. Chromatin arranged peripherally. 
11. Fonuation of the individual chromosomes. 
iii. Same stage, lateral view. 
iv. Separation of the cliromoaomes — raetakinesis. 
V. Formation of two new resting nuclei. 
Figs. 10-12, Miiller's fluid, acid carmine. (Merkel.) 
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H 1. LARYNX AND AIKTUBE8. 

Fio. 1. Section through the Outer Part of the EpiglottU {x20).~It in seen to 
conaist of cartilage embedded in connective tiasiie, and with a mucous membrane 
externally, that part of the mucous membrane on the lingual surface (left in the 
tigure) being thicker, presenting papillae and large niunberB of mucous glands, which 
are seen to lie in depressions in the cartilage. The cartilage is of the yellow elastic 
variety. The epithelium of the mucous membrane is stratiHed. Picrocarmine. 
(Ziemke.) 

Fio. 2. Sectioii through One Half of the Larynx, transversely to the Vocal Cord 
( X 2i). — The arrow passes between the true and false corda into the n'lUriiiila lanjmjiii, 
or ventricle of Morgagni. The true vocal cord (Uij. nicalc) consists of a firm band of 
tine elastic tissue; the false cord (lit/, trutrifiiluri;) is a told of mucous membrane. 

The wing of the thyroid cartilage, and the muscles iu relation with it and the 
vocal cord, are indicated on the plate. Htiimatoxylin, eosin. (Merkel.) 

Fig. 3n. Region of the Troe Vocal Cord (x8). — Over the true vocal cord the 
epithelium is stratiHed, and tliis extends over the region indicated in the tigure by tlie 
two asterisks ; the other parts of the larynx are lined by ciliated epithelium. 

The true vocal cord in this section is much relaxed ; the end of the false cunl is 
seen projecting over it at «. 

FiQ. 3i. Mucous Gland Acini from the Larynx (xl80).^The acini are lined by 
narrow elongated cells, the nuclei being near the base, and the protoplasm clear and 
non-stained, owing to the mucin present in it. Two acini in complete transverse 
section lie beside a third, of which only the bases of the cells with the nuclei are cut 
across. 

Fig. 3c. Ciliated Epithelium from the Ventricula Laryngis (xl30). — A deeper layer 
of cells is seen beneath the actual ciliated uells. 

Fig. a-/. Stratified Epithelium from the Vocal Cord ( x 130). — The epithelium presents 
the typical characters of a stratified epithelium, the deeper cells being closely packed 
and protoplasmic, the superficial ones flattened and scale-like. 

Fio. 4. Transverse Section of the Trachea of a Child (x8). — The C-shaped hoop of 
hyaline cartilage is enclosed in tibrouH tissue — the pi'rich-'ii<fnn)ii : on its inner side 
lies the mucous membrane. This iKissessL's liirge ULUnbers of mucous glands, and is 



lined l>y & eiliated epitheiium. Between the ends of the hoop of cartilage there in a 
layer of iioii-Btriated muscio — the trackrali» mngrk. Hiematoxylin, eosin. (Ziomke.) 

Fio. 6. Part of the Hncoas Membrane of the Lart Specimen ( x 80).— Most internally 
is a layer of ciliated qjithdiuni ; beDsath this, and restioi^ on the basement membrane, 
a layer of noii-ciliatEtd coWe (Delmrr's meuihranv). Beneath the basement membrane 
m u large quautity of areolar tisane, with abundant elastic fibres, and in the deepest 
part cif this HubmucouB tissue are the acini of the mucous glands, the ducte of which 
are seen pasBing upwards to open on to the surface. 

The cartilage is enclosed by Jibrous tiseiie, and is seen to be of the hyaline variety, 
the matrix being clear except at its extorniil miirgiii, where there are a tew tibres. 

Fio. 6. Longitudinal Section of a Bronchns, with the Ai^acent Long Tiisne ( X 50). — 
Beneath the epithehum (ciliated) is a layer of areolar tissue with numerous capillaries, 
then a layer of plain muscle, arranged circularly— the hronehial miisrlf (stsined violet). 
The cartilage, which is no longer in hoops, but in irregular plates, lies outside this 
layer of muscle in a connective-tissue mvestment containing large vessels ; lastly, at 
the junction with the lung tissue is a layer (stained red) very rich in leucocytes. 

The nuclei of the epithelial cells are stauied violet, the leucocytes and blood 
corpuscles red ; hence the ]>eculiar coloration of the specimen. Hipmatoxylin, eosin. 
(Zienike.) 

H'la. 7. One of the Smallest fironohiolei at ita JPauaffe into the Infondibnlom and 
Alveoli ( X 120).— The epithelial lining of the bronchiole (cubical, non-ciliated) passes 
into the single layer of flattened epithelium of the infundibnlum. Htematoxylin, eosin. 
(Ziemke.) 
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H 2. LUNG. TH7B0ID OLAND. 

Fig. 1. Bloodvessels at ths Eige of a Ldbule of ths Lun; of a Hew-bora Child 
(x50). — The pleura is cut obliquely, and hence appears thicker than it really is. 
The branch of the puhnonary artery (injected blue), shown on the right of the figure, 
breaks up into a capillary network between the alveoli ; the rootlets of the pulmonary 
vein are shown in red. Injected Berlin blue and gelatin. (Ziemke.) 

Fio. 2. Capillaries around the lofandibala and Alveoli ( x 100). — For the most part, 
the walls of the alveoli are cut across transversely, so that the nuclei stained are those 
in the walls of adjacent alveoli and the capillaries between them. At a the walls, 
and the close meshwork of capillaries over them, are seen from the surface. Berlhi 
blue and gelatin. (Ziemke.) 

Fia. 3. Palmonary Vessel breaking np to form a Capillary Network ( x 300). — The 
pulmonary capillaries form a very fine network between the alveoli. The lymi>h 
vessels which accompany the artery are in this case pigmented ; that is, leucocytes 
have deposited inhaled particles of carbon in this situation. 

Fig. 4a. Alveolar Wall in Transverse Section ( x 400). — The alveoli are lined bv 
thin flattened cells, and are separated from one another by very small quantities of 
elastic connective tissue, in which the capillaries lie, so that the blood in the latter 
lias alveolar air on ])oth sides of it, and is only separated from the air bj- the 
connective tissue and two layers of flattened cells: — the endothelium of the capillary 
wall and the flat epithelium lining the alveolus. Hjematoxylin. 

Vu}, 4/>. Alveolar Epithelium seen from the Surface (x400). Hirmatoxylin. 

l^'ia. 5. Section of the Thyroid Gland from a Child ( x 80). — The vesicles of the gland 
are seen to 1)(^ separated from one another by connective tissue (stained red), in which 
capillaries and larger bloodvessels are embedded. The nuclei of the cells of the vesicles 
are stained violet. Ha'nuitoxylin, eosin. (Ziemke.) 

Via, (). A Few Vesicles more highly magnified (500). — The vesicles are oval in 
section, are distinctly marked off from one another, and are lined by a single layer of 
cubical cells with large spherical nuclei. The cavity of the vesicle is, as a rule, filled 
with colloid suJ>staiic<' (Hrrn'Uon), lia^matoxyliii, eosin. (Ziemke.) 
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J 1. BLOOD CORPUSCLES AND CAPILLABIE8. 

Fig. 1. Red Blood Corpuscles from a Seven-Months FoBtns (x550). — Chromic acid, 
alcohol, picrocarmine. 

a, Nucleated red blood corpuscle. 
6, Nucleated red corpuscle dividing. 

c, Eed corpuscle — cup-shaped — staining readily (seen in profile). 

d, Similar one seen on the flat. 

t', Fully developed non-nucleated red corpuscles. 

Fig. 2a, 1-S. Red Corpuscles treated in the Fresh State with h per cent. Acetic Acid 
and Methyl Oreen ( x 660). — 1. Surface view. 2, Lateral view ; the margins are thick, 
the central part concave and thinner. 3. A normal red corpuscle beside an effete 
one. 

Fig. 2a, 4-7. Treated while Fresh with Picric Acid and Carmine (x650). — 4. In 
rouleaux. 5. Side view. (>. Blood platelets. 7. Surface view of a red corpuscle. 

Fig. 2b. Red Corpuscles and Leucocytes from a Oastric Vein ( x 550). — The leucocytes 
show variations in the character of theii* nuclei, some possessing two or more. 

Fig. 3. Various Forms of Red Blood Corpuscles : 

1. Disintegrated red corpuscles from the urine in hsematuria. 

2. Eed blood corpuscles after the addition of salt and water — the crenated corpuscle. 

3. Red corpuscle highly magnified — viewed in profile — showing its biconcave 
structure. 

4. The same — surface view. 

5. G, 7. The oval, biconvex — nucleated red corpuscles of the frog. 
8, 9. Small oval nucleated red corpuscles of the pigeon. 

10. Human red corpuscle, to compare in size with— 

11. That of the musk-deer, which is the smallest known. 

Fig. 4. Leucocytes from the Gastric Vessels ( x 1500). — Muller's fluid, acid 
carmine. 

1. With a coiled nucleus. 

2. With three nuclei. 

3. With a single large nucleus. 

4. With the nucleus constricted in places. 

5. Four leucocytes from the mucous membrane, each with one nucleus. 
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Vui. !>. A Minute Arteriole from the Finger-tip, breaking np into Capillariefl in a 
Papilla of the Dermis 1x780).— The eiidotli«liBl lfty««r of iha intiiiia of the arteriole 
id tiouliuuous witli that of the capillary, of which it foi'ms the only iiive»tmeiit. 

Wliite hlood corpuscles (recoginsod by tlieir Ht-Hiiiud nuclei) frequently collect ut 
the jKiiuk of origin of the capillaries fioni an artery, us shown in the figure, and must 
\)6 carefully distinguished from ttiu iiuclet of the eudotheltiun. which are flat, when 
Koon from the side. Chromic ncid, ulcuhol, acid carmine. 

Fiu. 6. Capillary Netvork among the Pat Cell* of the FannionlnB Adiporoe ( x 60). — 
Chromic acid, alcohol, acid carmine. 

Fio. 7. A Pew CapiUariee &oin the Last Speoimen (x300). — Tlie variation in 
diameter of the red corpiiHcIee (etained yellow) can be observed, due to some being 
compressed by the capillary wall ; a similar apjicarance can be observed in the living 
condition, when a led corpuscUi pasm-s down a narrow capillary. The nuclei of the 
fat cells are in places shown in their surface view; they possese vacuoles ; i.e., tliey 
appear annular. The fat cells and endothelial cells of tlie capillaries are in direct 
contact. Chromic acid, alcohol, acid carmine. 

l*'i(!. 8. A Small Vein from the Finger of a Seven-Months Fatus ( x 150.)— Among the 
fully-developed red torpusuleii liti nucltnted forms, mure deejily stained, like those 
shown in Vi^. I, I'icrunarmiiiij. 
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J 2. BLOODVESSELS -ARTERIES AND VEINS. 

Fro. 1. Traairene Section of the U^iumiry Artery fxl25).^For an enumeration 
of the different layers, cf. Fig. 7. 

The internal coat is seen to be corrugated, and lying just beneath it as a thin 
wavy white line is the fciifi^lratrtl mriuhraui- of Henle {meuihr. riant, int.), composed of 
elastic tissue. Elastic tissue is also seen distributed throughout the middle coat as 
thin wavy tibrsa or thicker bands. Only a small part of the external coat is shown, 
Hiematoxylin, eosin. (Ziemke.) 

Flo. 2. TrauBverEe Section of a Smill Vein from the Wall of the Stomioh. — Lying 
immediately beneath the '■nihitlirlinni is a thin ring of circular muscle fibres; then 
follows a thicker layer of longitudinal fibres, which are seen in transverse section in 
this specimen; the whole is enclosed by the athntlitln, or external coat of connective 
tissue. 

The fftt cell which lies near the vessel will serve to afford a measure of the size 
relations, Fleraming's solution, acid carmine. (Merkel.) 

Fifi. 3. TrattBverae Section of a Small Artery (x 350). — This specimen shows ■welt 
the separation into coats. The int'niia, or internal coat, is surrounded by the media, or 
middle coat, which is stained violet; and this in turn is enclosed by the adrentifin, or 
external coat (stained yellow). Owing to the contraction of the artery, the inner coat 
is thrown into folds, while the outer coat has retracted from the surrounding tissues, 

The outer coat is seen to consist of connective tissue, with smaller bloodvessels 
(rtwffl casoriim) in it. Hitmatoxylin, eosin. 

Fig. 4. Terminal Part of a Small Cutaneous Artery (x550). — The endothelium, 
recognised by its nuclei being arranged longitudinally (i.e., in the long axis of the 
vessel), is surrounded by short, circularly-an-anged plain muscle fibres, their nuclei 
Iteing transverse tu the long axis of the vessel. The whole is enclosed by a small 
amount of connective tissue, constituting the adventitia. To the right of the figure 
the vessel bifurcates ; the branches present similar characters, except that the muscular 
tissue is lees. 

On the left is a diagrammatic transverse section of the vessel. Chromic acid, 
slcohol, acid carmine. 

Fifl. 6. A Small Cutaneous Vein ( x 200).— Owing to the winding course of the vein, 
the section shows the structure of tlie different layers in one plane, since the plane of 
the section has caught all the various layers at different parts. In the long axis in 
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two plactie the eloti^Hteil endotlielia) coIIh nro exposed, with their nuclei arrangecl 
li>ii({ilu<liti&Ih-. Around the (^iidotheUuin the muscle fibres aro eeen for the most 
pnrt in tmii»v(irso aectioii, ns at the eido ; but in sereml situntions, na in the upper and 
lower pnrtn, hIho in longitudinal KOCtioii, and nro then seem to be arranged circularly, 
the nuclei of the epitlielial cells beinc faintly diaeemihie beneath them. r» per cent. 
Hulilinmtc, ncid cunniiic. 

Fin. r>. Formatioa of Oipillari«i ia the Heientery of a SeveB-lIoiitlu Fcetiu ( x 250). — 
The iiiesohlaHtiv colls join {onether by llicir jHoceBBeB, nnd then become hollowed ont 
to form capiUiiriou. Chromic acid, ulcohol, hieniatoxylin. 

Fici. 7. Part of the Wall of a Large Artery ( x 100).— To show the Btrncture and 
arrnngeuient of the ditTcreut layers. Uiimutosylin. eosin. 

j" I. Lajer of euilothclial cuIIb. 
tnlitiia ... II. SubendoUielial coiuiflctivo tissue. 

I III, Feiiegtmtcd uieuibrone of Renin (vltutic iiulwork). 
Mriliit ... IV. Coiupoaed of cirruliivlj ■ arrwigiil plain mUBcle fibrea, with some yeDon- 
elmstic fibres. There ia soineluiieB u (liBliTict laypr of elaalie tissue — the 
BXtoniftl elastic membrnne— Bi-iiartitinB this coat from Ihe a(lvt>iilitia, but 
it is not ctuistJUitly primeut. 
. . i \'. Inner pwt of lUu advoutltia, very ricb In white fihreB. 
A(lvr-r>liliii j yj^ (j^j^j. p^i^ pf ijip aijpptitin, ^rilh the Mwa vneorani in section. 
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3 3. L7MPEATI0S. THYMUS. SPLEEN. 

Piti. 1. A LTinpliatic or Lymph Teii«l jnit below the Olaads of ths Gaatrie Xasotu 
■unbrrnM (xiWO].— The «all i* ci.iiiij>oscil clikitly uf connective tiHsue lined Ijy a layer 
u( wnlulJioUani, iJio nuclei of which ure bwau in crofis-Bection. There is a distinct space 
iu the w»U in the iipjter jwrt, throngh which the leucocytes migrute into the mucons 
lunnibninti. Tho csvilj' ol the lymphatic ia filled — in the lower part by coagulated 
lytnpb, in the upiwr part I>y leuoocytoB, which are stuinod leil. riemming's aolutiou, 
Hcid ranuine. (Merltel.) 

Fit), i. LmoocTta* from a Spltnio Hodule m Process of Division ( x 1200). — leolutod 
letUHM'ytva ui-e swn with tht'ii nuclei iu vinioiiH stuKt's of karyokinesis. 

Id tlio small Itgure bulovr and to the right arc seen two leucocytes lying in a 
conumtiTe.ttsAue sp«oe ; tba cells of the ooDDOoUve ttaane are culled iuMastK. Utema- 
luxyltn, eoaiii. (Ziotnlce.) 

Fill. 3. Section through a Smsll Lobale of the Thymas of a Child (xl25). The 

mitt'x and medulla can I>o readily di)<liii^iii^)jud ftoiii oiiu auotlier, t>ince the lciicocyt«a 
am lotM abundant in (he medullary \^atl of the lobules, which ai-e bberefortt le&s 
UiHtply Htaineil. 

ItiiasaU'e cor/iNac/fn, the bloodvcitaelH, and tlie comiective- tissue septa are utaineil 
red in the mwoimen. lionble-stainod. (Ziemke.) 

I'm. I, A Concentrio Corpuscle of Hassall from the Thymus ( x 400).^ — It consists of 
a central nucleated gi-anular core surrounded by layers of flattened epithelial cells. 
Ihnnatoxybn, oosin. (Ziemke.) 

Fio. r>. Sention of the Spleen of a Child (x 12).— The capsule sends in trahcciiUe 
whicli diviilo irregularly, to form the supporting tissue of the organ (stained red). The 
Kjj/ciiti' I'lili' is stained violet, and la seen to contain small nodules more deeply stained 
— tbo Mnlpi'jhiaii ciirjitiscfcs. There is no di\ision into cortex and medulla, as in the 
case of a lymphatic gland, ntrmatoxylin, eosin. (Ziemke.) 

L-'iti. t>. A Halpighian Corpmole from the Laat Specimen (x 130).— It is seen to 
C'UixiHt of a move donue nuiss of lymphoid tissue arranged round a small artery. The 
inner part of tlic nudulu is toss comjMict in structure than the outer, and constitutes the 
germ centre. 
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K 1. KIDNeYS-BI.00D7£SSELS AND laBULES. 

Fio, 1. DiigTuu to show the Arrangement of tli? Uriaftry Tabalei and Bloodveaseh of 
the Kidney. — Arterial arches derived from the renal artery Uo batween the corlex and 
medulla, and give off iaterhl/iUar or radiate arteries into the cortex ; from these, small 
lateral branches — the afferent resaela to the glomeruli — arise. All these are represented 
in red in the figure. The (ihnneriiius itself is made up of a tuft of capillaries, from 
which there emerges & smaller efferent resscl (violet in the diagram); this breaks up 
into capillaries over the convoluted tubules ; the blood from this capillary network is 
collected by interlohiilar vina (blue in the diagram), and carried down to venous arches, 
from which the rootlets of the renal vein arise. 

The medullary part of the kidney is supplied by a system of stntight vessels {ra9a 
recta), which are given off from the concave side of the arterial arches above men- 
tioned. Similar straight veins collect the blood and return it to the venous arches. 

A few medullary vessels known as false rasa rfcta are derived from the efferent 
vessels of the lower glomeruli ; one such is shown in violet in the diagram. 

Fio. 2. Cells from the Convoluted Tubules of the Kidney of an Executed Criminal 
(X6fi0). — ^The cells vary very considerably both in size and shape. Muller's fluid, 
acid carmine. (Merkel.) 

Fio. 3. Section of Convoluted Tubules from near the Surface of the Kidney ( x 400). — 
a, Tubnie lined by cubical epithelium; tlie margins of the hidividual cells are often 
not distinguishable. The nuclei are in places seen to lie close together. 

b, A tubule lined by higher epithelial cells. The basement membrane of two 
other tubules, and the intertubular connective tissue with a small capillary, are also 
shown. Miiller's fluid, acid carmine. (Sferkei.) 

Fia. 4. Epithelium of Henle't Loop (x250). — One loop is seen in longitudinal 
section ; below it is the narrow descending limb passing into it. On the right is a 
transverse section of a loop; the epithelium is seen to he narrow and flat. Muller's 
fluid, acid carmine. (Merkel.) 

Fio. .'i. The Capsule and Intertubular Connective Tissue ( x 100).— The epitlielium is 
not shown. The capsule consists chiefly of fibrous tissue; the intertubular tissue 
consists ot connective-tissue cells and fibres, with small bloodvessels. One of the 
spaces is a Boirmaii'n rapmle. and is still lined by its special flattened epithelium; 



the Bpaco is occupied in Itie normal condition hya {glomerular titit ('■/. FlnteK 2, Fig. 0), 
Mtiller'ft fluid, acid carniinp. (Merke!,) 

Fin. (»/. A Tabule ftvm near the Bowman'i Capiule (hown in the Last Figure 
(x400). — On the left of the tubule lliu cellH are seen in transverse section, on the 
right they are Huen from the hase ; tlie individual cells interlock with one another, and 
are more or less imlyKOiial in outline. Midler'B fluid, acid carmine. (Merkel.) 

Fm. «/', (if, M. Isolated Epithelial Cells from the Convoluted Tubule* (x650k — 
/i, Four cells from a convoluted tuliulo. The Imso or outer part of each cell is striated 
or redded; the part internal to the nucleus is granular. 

f, Cells of the same kind from the moiiso'a kidney. The strlation extends right 
through the cell. 

(/, A [toll from the same preparation, with the striation at the inner part of the cell 
— 1.^, tho part directed towards the lumen. 5 per cent, suhlimate, acid carmine. 
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K 2. KIDNEYS (continned)— OLOUEBULI. 

Fig. 1. Section of Injected Kidney ( x 90).— The glomeruli appear as email spherical 
tufts of capillaries. To one of them a short afferent vessel (art. afferens) is seen 
to pass, while a slightly smaller one {art. efferens) leaves it and breaks up into 
capillaries over the convoluted tubules around the glomerulus. Notice that the 
capillaries form a close meshed network over the convoluted tubules of the cortex 
while they run parallel between the straight tubules of the medulla. The large spaces 
in the middle of the section are veins from which the injection mass has fallen out. 
Injected Berlin blue and gelatin, tissue stained carmine. 

Fig. 2. The Capillary Tufk of a Glomerulus ( x 160).— The afferent vessel is seen to 
arise from a larger artery (interlobular), and to become convoluted and form a knot of 
capillaries, with a small amount of supporting tissue (stained blue) between them. The 
flattened epithelium of Bowman's capsule is seen in section. Injected carmine-gelatin 
tissue stained haematoxylin. 

Fig. 3. Section throngh the Cortex and Medulla of the Kidney of a New-born Child 
( X 10). — Owing to the violet staining of the nuclei, the glomeruli are sharply marked 
off as dark dots, and the outline of some of the tubules indicated. Hflematoxylin, eosin, 
(Ziemke.) 

Fig. 4. Part of the Cortex of the Last Specimen ( x 75).— The glomeruli, being much 
shrunken, do not completely fill the Bo\^ man's capsules. The epithelium of the con- 
voluted tubules is seen in section. 

Fig. 5. Section through a Glomerulus ( x 200).— The nuclei of the capsular epithelium 
and of the endothelium of the capillaries are distinctly visible. 

Towards the left of l^o^^ man's capsule is the 'uiftualUndHm, or part from which the 
convoluted tuhule arises ; the epithelium of the capsule, elsewhere thin and flattened, 
here hecomes [gradually higher. Around the capsule is the intertubular connective 
tissue separating it from the convoluted tubules, some of which are seen in section. 
5 p( r cent, sublimate, picrocarmine. 

Fio. (>. Section of a Bowman's Capsule ( x 200).— On the left the convoluted tube 
aiis( s from the iujuudlluhim by a nariow nnh {roUum), the epithelium being much 
higlu r than that of the capsule itself, which consists of thin flattened cells, the nuclei 
of ^^hich arc seen in the section inside the connective-tissue basis of the capsule, 
'ihe glomerulus itself is covered by a similar epithelium, the nuclei of which are 
visible; the capillaries are seen indistinctly lelow this epithelial layer. 5 percent, 
sublimate, ha^matoxylin, eosin. 
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K 3. URINARY BLADDER. URETER. URETHRA. 

Fig. 1. Section of the Wall of the Bladder firom an Adult (x 16).— The mucous 
luembrane (stained red) rests upon the muscular coat, which consists of bundles of 
plain or non-striated muscle fibres (stained yellow) ; externally is a layer of fat, the fat 
cells appearing as small greyish vesicles. Picrocarmine. (Freudenstein.) 

Fig. 2. The Mucous Membrane and Part of the Muscular Wall of the Bladder of an 
Adult ( X 200). — Some of the superficial epithelial cells have fallen away, so that the 
shape of those remaining is more readily made out {cf. Figs. 3 and 5). The epithelium 
consists of several layers, and is of the transitional variety ; beneath it is a layer of 
subepithelial connective tissue with small bloodvessels. The muscle fibres are stained 
red. Picrocarmine. (Freudenstein.) 

Fig. 3. Various Forms of Epithelial Cells seen separately (firom the Last Specimen) 
( X 800). — a, Cell from the deeper layers, irregular in shape. 

b'l', Various forms of cells from the superficial layer ; the unattached part of the 
cell stains better than the deeper part. 

e, Cell with two nuclei, common in the upper layer. 

/, A large cell with a striated outer part (directed downwards) and two nuclei. 
Beside it are two irregular accessory cells {cf, also Fig. 5). Picrocarmine. (Freuden- 
stein.) 

Fig. 4. Section of the Wall of the Bladder of a Newly-born Child (x8).— The 
muscular coat is strongly contracted, so that the mucous membrane is thrown into 
folds. The muscle is seen to be deeply stained, and is arranged in three layers — an 
internal, of longitudinal fibres ; a middle layer of circularly-arranged fibres, which 
is most marked at the neck of the bladder, forming the sphincter ; the external layer 
is much thicker, and consists of longitudinal fibres. H&matoxylin, eosin. (Ziemke.) 

Fig. 5. Epithelial Cells from the Mucous Membrane of the Bladder of a New-born 
Child (X 460).— This epithelium is typical of the structure of transitional epithelium. 
It consists of three or four layers of cells ; the most superficial is composed of large 
flattened cells hollowed out below for the convex surface of the upper part of the 
cells of the second layer — the pear-shaped or pijri/unn cells, beneath which there is 
always one layer of irregular polygonal cells, and sometimes two or more. 
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The most Biiperficial cells oftan poaBssa two naclei, as ehown in Pig. 3, « and/. 
Hniinatoxylin, eosin. (Ziemke.) 

l-'ifl. 0. TranBverso Section of the Ureter from a New-born Child ( x IS). — It consists 
of (i.) a niucfma inemhraHt- lined by tranHilitJiuil eiiitln;lium ; (ii.J il mimenlar <:i>at of three 
lnyeix, like that of the bladder, the middio one being circular, the inner and outer 
layers longitudinal; (iii.) an outrr inrenlmfnt of fibrous tisaue. Htematoxylin, oosin. 
(I^ienike.) 

Fig. 7. Longitudinal Section of the Ureter of an Adolt (xl5). — It presents very 
Htniilar cbanicterH tu thu laist Hjioi^iniui] ; the »rrAngemtiiit of the muscular fibres is 
more distinct, the fibrcB ot the middle or circular layer beuig seen in transverse section. 
Piurocanuiiio. (Ziemko-) 

Kiu. 8. TnuiBTerge Section of the Urethra of an Adult (xfiO) (</. Plate L I, 
l-'igs. 2 and 6). — The mucous memhriuie is thrown into numeroim folds, and in Ihis 
tlie prostatic part ot its course, is lined by transitional epithelium, the nuclei being 
Ht!«n to I)e darkly stained in thiH Bi>ecimen. Hiematuxylin. (Ziemke.) 

FioK. U, 10. Epithelium from the Urethra (x460). — It consists of two or three 
layers, the most supertioial celli* beinjj elongated and cylindrical. Haimatosyli 
(Ziomke.) 



\ 



L.-GENERATIVE ORGANS 



19—2 



( 160 ) 

L 1. OVABT. 

Fi(i. 1. Traxuvene Section of the Ovary of a Hew-born Child (xlO). — The ovarv 
appears irregular in oiillino. At the hilnn numerous bloodvessels (stained yellow) are 
soon in section ; these constitute the jtampinifin-m phrrfift, which lies between the layers 
of the hroad ligament. Alcohol, picrocarmme. 

Fig. 2. A Small Part of the Cortex of the Last Speoimen ( x 75). — The ovary has a 
layer of einthelial cells externally — the gernnnal rpithdium. Large numbers of small 
vesicles, also with an epithelial covering, are seen ; these are the ^>r/w?7//r ora. The 
interstitial tissue, or stroma, consists of fibrous tissue, with numerous spindle-shaped 
connective-tissue cells. 

Fig. tS. Part of the Cortex of the Ovary of a Seven- Months Fostas (xl75). — The 
germinal epithelium dips downwards into the stroma, forming Waldej^er's ovarian 
tubes; as a rule, one of the cells of each of these tubes enlarges to form the primitive 
ovum, while the others develop into the epithelium of the follicle. Chromic acid, 
htematoxylin. 

Fig. 4. Two Primitive Ova from the Last Speoimen ( x 350). — Each ovum lies in its 
own follicle, enclosed by a capsule derived from the stroma; the epithelium of the 
follicle lies between the capsule and the ovum itself. 

Fig. 5. Follicles from the Ovary of the Hew-born Child ( x 360). — The epitheliam 
has now l)ecome more definitely arranged, forming a distinct lining to the follicle. In 
the upper part there are two ova in one follicle. Alcohol, picrocarmine. 

Fig. (). Section through the Ovary, Parovarium, and Fallopian Tube of a Seven-Months 
Foetus ( X 6). — The tubules of the ])aroranuni {pavimphorou) appear as dark rmgs. The 
vessels fonniiif]; the pampiniform plexus are a<j;ain shown in section near the hiliis 
of tlie ovary, enclosed in the broad li<;anient. The Fallopian tube and its lim])riie are 
cut across in the lower part {cf. Plate L 2, 1^'ig. 5'. Chromic acid, ha?matoxylin. 

Ki(i. 7. A Gland Tubule from the Parovarium of the Last Specimen ( x 350). — It is 
lined )»y a layer of cubical epithelium, and presents a more or less circular lumen. 

Fk;. s. a Vein fiom the Parovarium in Piccess of Obliteration ( x 350). — The vein is 
tilled \vitb clot fornunl clnelly of red cori)uscles : sj^indle-sbaped cells derived from 
the adventitia, and probably also from the intinia, are seen in it. From these librous 
tissue^, is den'eloped, which <j;radually contracts and comi)letely obliterates the vessel. 

I'u;. !). An Old Corpus Luteum from the Ovary of a Woman aged Forty Years ( x 30). 
• — A large cor])Us lut(^uiu is seen on the left of the specimen : it has a reddish centre 
coni])(»sed of altered bbunl-clot, the rest is composed of vascular connective tissue. 

r. n. is an old(M' corpus luteum, wln'ch is underf:roing fatty degeneration and absorp- 
tion, ilethvl violet and eosin. 



Fill 



L 









^yj «»^ 




fy.e 













':M^ 



r 



L 2. OVARY (continued) -UTERUS AND FALLOPUN TUBES. 

I-'ifi, la. A Mature Ovum ( x 420). — \ few of the epithelial cells of the follicle are 
still adherent Ut tho /oiin miliata {miia jiilliiriila), the rndial striation of which is viaible 
in placoB. 'tho tierminal cenirle ia clear, and contains a largo germinal spol and a few 
small chromatin granules. The i/oll: presenta in the centre a reticulated apjiearaiico, 
and containH numeroiiB clear Hpa«!8 (vacuoles); in the outer part it is finely granular. 
Hiismatoxylin, eosin. (MerkeL) 

Flo. 111. Cells firom tlie Liquor FoUicnli {x420). — These are probably detached 
foUide cells. 

Fid, ii. Section of a Graafian Follicle ( xflO). — The epithelial hning of the follicle is 
known aa the membraua <iraiiiihim ; in this sjiecimen it hae completely separated from 
the connective- tiBBue wall, or thei-a /uiliciili, as a result of the action of the reagents 
used in the procesii of proparntion. The ovum lies in a collection of follicle cells 
known as the ilhcu-a jmdi'jfruK {aiiiiiUiia tMijihoniK in the diagram). The cavity of the 
follicle— i.e., the Bpacu between tho memhrana granulosa and the discus proligeriis — 
iH occupied by the liiiiior/i'lHi-iili. 

At .r lie the cells represented in Fiy. 1/'. llicuiato^ylin, eoaiu. (Merkel.) 

Flo. It. TraMvene Section of the Wall of the UteruB (xlO). — The mucous nicm- 
bmne contains large numbers of bjiinchiufj; tubular glands. The muscular coat 
consista of two divisions ; the inner and thicker consists of fibres running in varioiiB 
directioua, but for the most part circuliirly, and is actually a greatly hypertroi>hietl 
itiiiKiiilims iiiiicus<e ; the outer and thinner division oonsibtb of circular aud lougitudiual 
fibres, and corresponds to the muscular coat of the other hollow TiBcers. Carmine. 
(Merkel.) 

Fio. 4. trterine Olands of the Mucous Membrane of the Last Specimen (x60). — The 
gland tnbnlee are long, branched, and often curved; they are lined by ciliated 
epithelium like that covering the mucous membrane (c/'. Fig. 7). 

Fig. 5. Fimbria of the Fallopian Tube of a Seven-Months Fcetns (xSO). — They 
conalst of a basis of connective tissue covered with ciliated epithelium, and project 
from the mucous membrane. Chromic acid, hematoxylin. 

Fio. 6. Section of the Wall of the Fallopian Tube of an Adnlt ( x 60). — Numerous 
bloodvessels are seen in the muscular coat ; the fimbriie present similar characters to 
those of the last specimen. Hiematoxylin, eosin. (Merkel.) 

Fig. 7a, 7b. Ciliated Epithelium firom the Uterus ( x 400).— a. Elongated cells with 
long oval nuclei, h, Shorter cells ; both varieties may be found in the same section. 

Fio. 7c. Ciliated Epithelium on a Fimbria of the Fallopian Tube { x 300). 
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L 3. TESTIS AND EPIDIDYMIS. 

Fio. 1. Transverse Section of the Testis and Epididymis of a Hew-bom Child ( x 9). — 
The testis is enclosed bj an investment of dense fibrous tissue, the tunica dlhurjinca. 
At the posterior part (the lower in the figure) the fibrous capsule is greatly thickened, 
and forms the corpus llufhrnorianum, or mediastinnm testis; from this, septa pass 
inwards and extend to the tunica albuginea, dividing the organ into lohuhs, in which 
lie the seminiferous tubules. These conyerge to the mediastinum, and unite to form 
straight tubules, which anastomose with one another to form the rete testis, from which 
the vasa cfferentia arise ; these, after becoming convoluted in one part of their course to 
form coni rasculosi, open into the cjmlidymis, which is a single highly convoluted tube. 

The tube of the epididymis, with its supporting connective tissue, is seen cut 
across in various directions in the lower part of the figure ; in the process of prepara- 
tion the whole epididymis has become separated from the testis and displaced laterally. 

The epididymis passes into the ran deferens, which is shown cut across twice in 
this specimen. Hematoxylin, eosin. (Ziemke.) 

Fio. 2. Transverse Section of a Part of the Testis of an Adult ( x 50). — A small piece 
of the tunica albuginea lies above ; beneath it the seminiferous tubules are cut across 
in various directions. The heads of any spermatozoa in the tubules appear as small 
red-stained bodies. Flemming's fluid, safranin and gentian violet. (Merkel.) 

Fio. 8. A Seminiferous Tubule from the Last Specimen ( x 200). — It possesses a very 
thick basement membrane {tela conjunct.), on which rests a layer of large cells, for 
the most part with resting nuclei; these constitute (I.) the lininff epithelium; some of 
these cells are elongated and project towards the lumen as sustentacular cells. Internal 
to this there are several other layers of cells, which can be better seen in the next 
figure. 

Fio. 4. Transverse Section of a Part of a Seminiferous Tubule (x600). — The 
Uninci epithelium is seen as in the last specimen ; its nuclei are darkly stained and in 
the resting condition ; then follows a layer of cells, two or more deep, the spermatoijenic 
cells, which have large nuclei showing a skein- like arrangement of the chromatin, 
indicating commencing karyokinesis. The most internal cells are smaller, more 
numerous, and possess distinct spherical nuclei; thoy are known as spennatohlasts, 
and gradually develop into spermatozoa. Htematoxylin, eosin. (Merkel.) 
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Via. A. A Part of the Epididymii of Fig. 1 ( x 20D).— The tube is seen cut across 
twice, owing to its cotivoIiiU'd coiirso ; tlui two parts are separated by couuective tissne 
conveying bloodveeselH. The epithelium lining the tubule ia ciliated. Hsematosylin, 
eosin. (Ziomko.) 

Fm. C. A Part of one of the Tua EfF^rdntia of an Adolt (x600). — The epithelial 
lillitlg ia double ; the deoper colU urt^ Khurt, and possess rounded nuclei; the super- 
ficial ones are coluiunar ctIiuU>d cells with elongated nuclei. Miiller's fluid, bfiema- 
toxylin, oosin. (Merkel.) 

Flo. 7. Spermatoioa. — a, Developing ipennatozoon. The tail is seen appearing as 
a llliiuient in the pruloplasm. 

Fiu. 7^. Diagram of the parta of a spermatozoon. The ln-ad is oval and unitod to 
the mitkUe part {i>ars intermedia) by a Hmal! knob-sliaped enlargement; the middle 
part is continued into a long tail, which onda in a apocial Ifrmiiml ^lament. 

Flo. 7<'. Spermatozoa ( x 400) — the upper one in profile, the tower ones seen 
from the surface. The head is aeen to be oval, though flattened from side to side, and 
somewhat pointed ut the end. 

I''i(i. "d. A •permatoioon in profile ( x ISOO). The head shows the anterior pointed 
part, and the tail is coiled. Around the middle part ie a smaU remnant of the 
protoplasm of the spermatoblaHt from which the Hpermatozoon was developed, 

Fia. le. A ■permatosoon leen from the anr&oe (XlSOO). The head ia oval, as 
described above. 

Fio. If. A tpennatozoDn hi^bly magnified ( x 2000). 

All prepared by Hermann's fluid (chromic-acetic- platinic chloride) and stained in 
acid carmine. 



L 4. PEMIB. PROSTATE. URETHRA. 

Flr>. 1. SmUoo from the Oater Part of One of the Corpora CaTeraoia ( x75). — It is 
enclosed by a stronj; capsule of Jilu-oiiH and claBtic tissiif, oiilsiilu which is a layer of 
miisclts tibree; IroUi of tbese ara stained red. The tii|iBule sends in trabecule!, also 
eompaeed of fibrous utid ebiiitic tismie, and tlii'ue ix^jwruti' iht.\ \Arge cavernotiB lilood- 
Hpacea {vavmue) from one another; the trubeculti; appoAr broad in this specinmn 
becauH! Uic blood-simces are not distended. Thiit H{>eeimen is typicAt of the structure 
o( trirlile lismii^. I'icrocannine. (Freudenstein.) 

Fiu. i, Trsnivena 8eeti»a of the Erectile Tiiiue of the Fenu |x3). — It consistti of 
the two nic/i-'m raiermma above, tieparated by the iirptiiiit jmii'ik, and enclosed by 
a dense tihrous capsule. 

Helow, and projecting slightly between the two corpovA cavernosa, is the tm-fiiia 
HpmiiiiiKiim, with the nretUra in the middle; lying at the side of the lattm' are the 
acini of l.ittri'n iilatifU In section. 

In the connective tiaaue in the upper part of the penis He the dorsal vein and the 
dorsal arteries and n(irves of the penis, I'icrocarmine. (Freuden stein.) 

Fio. '6. TransTerse Section of a Part of the Prostate (x75i, — A few of the gland 
tubules, separated by connective tissue cuntaininK much plain niueule, are seen cut 
acrosH in different directions. Tlie tubules are liiiod by a columnar or cubical 
epithelium, and in some cases there iti a second layer of cells between it and the 
bAsement membrane, as seen on the ri^ht-hand side of the figure. Haimatoxyliii, 
eosin. (Ziemke.l 

I-'ic. 3(1. Prostatic Calculi within Three of the Qland Tubules ( x lOOl,— Theiio con- 
cretions have a laminated appearance, and occur within (lie iumen of the tubule. 
Htematoxylin, eoein. (Merkel.) 

Fiu. 4. The Coaneotive TisBue and Kiuoalar Basis of the Prostate (xl2). — The cells 
lining the gland tubules are not indicated. Htematoxylin, eosin. (/iemke.) 

Flo. 5. Epithelial Cells &om the Prostate Gland Tubules (x300).— The cells are 
more or less elongated, and rest on a basis of connective tissue. Hfematoxyliu, eosin. 
CZiemke.) 

Flo. 6. A Part of the Urethra, with a Duet and Some of the Aoini of Llttrd's Olanda 
( X BO). — The epithelium of the duct is continuous with that of the urethra ; the acini 
are lined by clear mucous cells. Chrpmic acid, acid carmine. 

Fio. 7. Aoini from Littre's Olands (x250). — a, Befbre Secretion. The cells are 
swollen out with mucin, and their nuclei lie near the bases of the cells, and are much 
flattened. 

Fio. 76. During Secretion. The cells are less distended, their outlines are more 
distinct ; the nuclei are more spherical, and lie near the middle of the cells. 

In the upper part, owing to the obliquity of the section, some of the cells are cut 
transversely, so that their nuclei lie close together. 
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Absorption of fat, 116, 123 
Accessory disc of Engelmann, 88 

olive, 60 
Achromatic spindle, 20 
Achromatin, 19 
Adamantoblasts, 102 
Adventitia of artery, 185 
Air tubes, 127 
Alveoli, 128, 180 
Amitotic division, 19 
Amoeba, 18 
Ampulla, 49 
Apical cell, 14 

Appendix vermiformiM, 119, 120 
Aqueduct of Sylvius, 71, 72 
Arcuate fibres, 61, 68 
Arcuate nuclei, 60 
Areol»e of bone, 95 
Areolar tissue, 115 
Arrector pili, 25 
Arteria centralis retintt*, 43 
Arteriole, 184 

Artery, structure of, 135, 136 
Aster stage of division, 20 
Attraction spheres, 18 
Auditory hw cells, 47, 49, 50 
nerve, 49 

nuclei of, 64, 66 
Aucrbach, plexus of, 118 
Axilennna, 54 
Axis cylinder, 53 

Basilar membrane, 48 
Basket cells of cerebellum, 74 
liileducts, 123 
Bipolar cells of retina, 46 
Bladder, urinary, 145 
Blood corpuscles, 133 

vessels, 185 
Bone, 95, 97 

decalcified, 97 

development of, 95 
Bonnet, nerve plexus of, 80 
Bowman, capsule of, 141, 142, 
144 

glands of, 87 

membrane of, 39 
Bronchial muscle, 128 



Bronchiole, 128 
Bronchus, 128 
Bruch, membrane of, 42 
Brunner, glands of, 111 

Canal of Schlemm, 42 
Canaliculi of bone, 97 
Ganalis Cochleie, 47, 48 
Cancellous bone, 98 
Capillary network, 180, 134 
Capsule of cartilage cells, 93 
Cardiac glands of stomach, 110, 

111 
Cartilage, 93 

Cement substance of teeth, 101 
Centrosome, 19, 20 
Cerebellum, cortex of, 78 
Cercbrmn, cortex of, 75, 78 

results of Golgi*s method, 78 
Chlorophyll, 14 
Chorio-capillaris, 42 
Choroid, 42 
Chromatin, 19 
Chromosomes, 20 
Cilia, 17 

Ciliarv muscle, 42 
processes, 42 
Ciliated epithelium, 17 
of larynx, 127 
of respiratory region, 37 
of uterus, 152 
Circumvallate papillii>, 38, 105, 

106, 107 
Claudius, cells of, 47 
Cochlea, 47 

Cohnheim, fields of, 88 
Collaterals of Kamon-y-Cajol, 

54, 75 
Colloid substance, 180 
Colon, 119 

Columnar epithelium, 17, 116 
Cone fibres, 44 
Cones of retina, 44 
Coni vasculosi, 153 
Connective-tissues, 91 
Convoluted tubules of kidnev, 

141 
Corium, 23 



Cornea, 89 

Corneal corpuscles, 39, 91 
Comeo-sclerotio junction, 42, 91 
' Corpora cavernosa, 156 
qu^drigemina, 71 
Corpuscles, red, 188 

white, 188 
Corpus Highmorianum, 158 
luteum, 150 
spongiosum, 156 
Corti, organ of, 47 
I Crista acustica, 49 

Crura cerebri, 71 
: Crusta, 72 

petrosa, 101 
\ Cuticula, 17 

D^bove, membrane of, 17, 128 
, Decalcified bone, 97 
! Decussation of pyramids, 61 
at birth, 65 
supra-pyramidal, 61 
, Deiters, cells of, 47 

Dendrites, 18, 54, 76 

Dendron, 75 

Dentine, 101 

Dermis, 28 

Descemet, membrane of, 39 

Development of tooth, 101 

Diastcr stage of division, 20 

Discus proligerus, 152 

Dispirem stage of division, 20 

Duodenum, 111, 112 

Ebner, v., glands of, 38, 105 
Elastic tissue, 91, 93 

cartilage, 92 
Eleidin, 33 
, Embryo, 14 
Enamel, 101 

organ, 102, 103 

prisms, 101, 104 

pulp, 103 
Endpmysium, 86 
Endoneurium, 79 
Endothelium, 18 
Engelmann, accessory disc of, 88 
' Epidermis, 88 
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irhvKe iif. 134 
ut ■tOuuLdi, lln 
ot umid tuu-tfUue, 116 
Go10> lUelhoJ, 7tt 
(tnuilian follicln, lAa 
Unumlc kvor of c«rDbellDiii, 
7S 



B»ir, as 

i-ella. oDiLltorv, 47, 49, iiO 

rntlrle, W 

tidlldr. 'iS 

knob. 2R 

pupilln. 2S 

root, 2A 
Hnnuovtfr, aLruttiiu iuUinnintiiuu 

of, 10« 
HaBinlt, CUD n>ti trip corpuscli'S of, 

1»8 
IliTcrsiui cAnnLi, 9T 
Hcurt itiuscio, HI 
Heiiltr. fcuestrnt«il uiciubrniU! of, 
IKS 

la}«r of, 8Q 

loop ot, 141 

Bbwth of. u3 
nensen, Itoc ot, ttH 

supportiriR o«llii of, 47 
HorixoDtol roiia of roliTio, 46 
Qomjr layrr ot alcin, S3 
Huslo}-, fnyor of, SH 
Byalino carlilAgo, 98 
HypogloBflikl nerve. ducU'Us »f. 
W, 63 

Infundibuluiu, 1-2H, 130 
Intercalary part of duct. 113 
Interjibrillar HubstjiDi^c- of 

musple, BIS 
Interglobular spiweH, 101 
Interuiediate line. Ut) 
Intervertebral diai^, 98 
Intinia of urtcry, 135 
Iris. 42 
Irruption, stage ot, 95 



KiiryokiiieKia. 19. 30 
Kidney. 141, 144 
Kmuiie. membrane of, 8H 

I.BCiin» of lioue. 97 

of eartilnge, 93 

Liimellie of bone, 97 

Lamina cribroui. 43 

fuGCB, 40, 42, 43 

Hi^prachoroideu. 4'2 



Ltuitoniiunn, ind^ures [if. S4. tiff, 

m 

Ijirye lulfstliie, 119, 12U 
Urvux. 127 
I.<iu>ai»cii«. 69 

inedtaliii, 71 

Intamlis, 71 
Lung. 89 

fibres, 39 

upitheUiuu, 39 
LeucocylDH, 183, 188 
Ijeberkolin, fcilIicltx>ol,lI2.1ie. 

119 
Li^amentum circulnre, lOX 

nndiiE, 91 

pectinatum iridis, 42 

Hpinile, 4H 

ventricolare, 127 

loeale, 127 
Lip. 84 

Littnt. ((landaol, 150 
Liver. 121. 122. 128 
Limg, 128. 180 
Lunula, 28 
Ljuiphat 
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MiunilH lnt«a, 48 
I Mnlpigbi, corpuwlva of, 18B 

rete, 38 
Mammary gland, 81, 82 
' Marrow of bone, 95 
Matrix ot BOnnuctive-tisni'-, 01 

of ntuLVT 
MedollH oblongata. 68, SO. 61. 63 

at liirth. 65 
Meiliillnrv segments, 54 

sheaih. .'/a 

spaces, 95 
Medullfttcd nerve libri's, ij4. 68, 

79, HO 
Meibomian glands, 81 
Mcissner, plexus of, 1 IK 
Membraua granulosa. 152 

reticularis, 48 

tectoria. 47 
Membrane of Iteisener, 47 
Meristetn, IS 
Meiiel. end-disc of. KH 

laclilo cellH of. 30 
M.'Keiitcry, 11-", 
MetakineAis, 20 
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Milk tooth. 104 
Modiolus, 47 
Molecular layerof cerebellum, 73 

of cerebrum, T."), 78 

Montgomery, glands of, 82 

Morga;;ni, ventricle of. 127 

' Muuousglandsof liu-vux, 127 

i uf lip, 34 

I of u'liophagus, lOH 

■wdivary, 113 
I of tongue, 10.' 
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Milller, fibres of, 44, 46 
Muscle, 86 

corpuscles, 87 

fasciculi of, 83 

heart, 87 

not! -striated, 87 

striated, 86 

vascular supply of, 86 
Mus3ularis mucosae of c:)lon, 119 
of stDina^h, 110 
of uterus, 152 
Myelin, 53 
Myelospongium, 82 

Nail, 27, 28 

bed, 27 

groove, 27 

matrix, 27 

root of, 27 
Nerve-cells, 18, 53, 55, 59, 79 
granules iu. 55, 59 

fibres, 53, 68, 79, 80 
Ner^H nervorum, 79 
Neurilemma, 53, 79 
Neuroblasts, 55 
Neuroglia, 59, 78, 82 

arrangement of, 82 

development of, 82 
Neuron, 75 

Nodes of Ranvier, 53, 80 
Non-medullated fibres, 54 
Non-striated muscle, 87 
Nucleus, 19 

ambiguus, 64 

cuneatus, 60, 61 

gracilis, 60, 61 

lateralis, 61 

Odontoblasts, 102, 103 
(Esophagus, 108 
Olfactory bulb, 37 

cells, 37 

mucous membrane, 37 

nerve fibres, 37 
Olivary nucleus, 60, 61, 63 
Olive, accessory, 60, 63 

peduncle of, 63, 68 

superior, 69, 70 
Omentum, 115 
Oosphere, 14 
Optic nerve, 43 
Ora scrrata, 40, 43 
Osteoblasts, 95 
Osteoclasts, 95, 96 
Osteogenetic fibres, 95 
Otoliths, 49 

Ovarian tubes of Waldeyer, 150 
Ovarv, 150, 152 
Ovule, 14 

Ovum, 13, 16, 150, 152 
Oxyntic cells, 111 

Pacinian bodies, 23, 28 
Pampinifonn plexus, 150 



Pancreas, 114 
Pannieulus adiposus, 2.) 
Papillae of tongue, 105. 107 
Papillary part of skin, 27 
Parareticular cells of retina, 

46 
Parietal cells of cardiac glands, 

111 
Parotid glands, 113 
Parovarium, 150 
Pars ciliaris retina, 42, 43 
Penis, 156 
Peptic cells. 111 . 
Perimysium, 86 
Perineurium, 79 
Periosteum, 95 
Peritoneum, 120 
Pes of crus cerebri, 72 
Peyer 8 patches, 118 
Pia mater, 73 

Pigment cells of choroid, 39 
of lamina fusca. 40 
Pigment epithelium of retina, 17, 
46 

crystals of, 18 

in liver cells, 121 
Pleura, 130 
Polar corpuscles, 20 
Polymorphous cells, 75, 78 
Pons Varolu, 64, 69, 71 

transverse fibres of, 70 
pyramidal bundles of, 
71 
Portal canal, 121 
Posterior longitudinal bundle, 
64,71 

perforated space, 71 
Prickle cells, 33 
Prostate, 156 
Prostatic calculi, 156 
Pseudopodia, 13 
Purkinji*, cells of, 55, 73 
Pvramidal cells of cortex cerebri, 

^75, 76, 78 
Pyramids, 60, 61, 63 

Ranvier, nodes of, 53 
Raphe of medulla, 68 
Recklinghausen's, v., spaces, 39 
Red corpuscles, 133 

nucleus, 72 
Reissner, membrane of, 47 
Restiform body, 60, 64, 69 

at bu^h, 60 
Rete Malpighi, 23, 27 

mucosum, 23 

testis, 153 
Retina, 43, 44, 46 
Retzius, fibre cells of, 49 
Rod elements, 44 

fibres, 44 
Rods and cones, 44 
Rods of ('Orti, 48 
Root- sheaths of hair, 25 



Saccule, 40 
SiUvary glands, 113 
S.ircolemnia. 87 
Sarcoplasm, 88 
Sarcostyle, 87 
Sarcous element, 83 
Scala tympani, 47 

vestibuli, 47 
Scalp, 31 

Schlemm, canal of, 42 
Schwann, sheath of, 53 
Sclerotic, 40, 42, 91 
Sebaceous glands, 31 
Segmentation of ovum, 14, 15 
Semicircular canals, 49 
Sensory decussation, 58, 61 

end organs of skin, 30 
of smell and taste, 37 
Sarous salivary glands, ll'J 
Sharpey, fibres of, 94, 95 
Siliqua olivae, 63 
Sinuj lacteus, 31, 32 
Sixth nerve, nucleus of, 69 
Skin, 23 

Small intestina, 116, 118 
Spermatoblasts, 153 
Spcrmatogenic cells, 153 
Spermatozoa, 154 
Sphincter pupillte, 42 
Spinal cord, 58 

at birth, 65 
Spinal ganglion, 79 
Spiral ganglion, 50 
Spirem stage of di\ision, 20 
Spleen, 138 
Spongioblasts, 82 
Spongioplasm, 17 
Squamous epithelium, 17, 24 
Stratum corneum, 23, 33 

grauulosum, 23, 83 

intermedium of Hannover, 
103 

lucidum, 23, 33 
Stratified epithelium of oesopha- 
gus, 108 
of skin, 23 
of vocal cord, 127 
Stroma of ovary, 150 
Sublingual gland, 113 
Submaxillary gland, 113, 114 
Substantia gelatinosa centralis, 
59, 62 
of Rolando, 60, 61 

nigra, 72 
Suprapyramidal decussation, 58, 

61 
Suspensor, 14 

Sustcntacular cells of olfactory 
region, 37, 38 
of taste buds, 38 
Sylvius, aqueduct of, 71, 72 
Sympathetic nervous system, 79 

Tactile cells of Merkel, 30 
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Tuclilo corpuncliw, SO 


T-KliitprU junption. 55, 7» 
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Tsate buiU, 88. 107 


Tutiicu olbugitifd tfHil*. inU 


Vena Vorlico»&, 43 ^^H 


TeKitiviituiii, 71 
TelH ohorold»», 11 


Tunnel of Cortl. 47 


Ventricle, fonrtli. 68 ^H 


rurliniiled bonw, »7 


Ventricula laryngis. 127 ^H 


Teiiaon. m 




VenuilorDi appendix. 119. 120 ^H 


-•elU. m 




ViMt d'A/vr, ntriif of. 7.'> ^M 


T«Ntii>. 1C8 


Lrvter. 14fl 


ViUi. 113. 116, UH ^1 


ThritiuK. 18H 


L'rutlirt.. Hfl, IB« 


Vucd curd, 127 ^M 


Tliyroid oMtUait*. I'J" 


bluaj^r. 14D 




Kliuid, 1»0 


l-riiiar.v luhuW. 141, 14'J 


\ViJ<tc.ver, ovnrinn l.il>es of, ^H 


Tongtw.. 103. 107 


CtOTIW, IW 


160 ^M 


Tooih, lot 


l!litnil« at. ir>2 


. Whitfton, jeUv of. 01 ^H 


■lovelopmctit of. 101, 102. 


I'lricle, 4ft 


. White corpuscles, 188 ^M 


108 


I'von, 42 


Bbentli of nerve fibres, r.S ^M 


papiUu. lOU 
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Vitmni nuoU'im of. 68 


Yellow ebMtic cartilage, 91 ^H 


■I'rabeciljr of hone. «fl, Wt 


152 ^H 


Trwiiwi. 127. l'2H 


Vag dc(ftr.-nB. 1:.3 












n-etn. 141 


radiiita, 1.^2 ^^H 


TntpcKiimi, 09 1 


viuorum, 18.". 
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